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Foreword 


Prostate cancer and sexual function have been closely intertwined since the begin- 
ning of the twentieth century, when radical perineal prostatectomy was first devel- 
oped by Hugh Hampton Young as an effective therapy for localized prostate cancer. 
It was immediately recognized that treatment for prostate cancer came at the cost of 
erectile function. With the pioneering discovery by Huggins and Hodges in 1941 that 
prostate cancer would respond to castration or the administration of estrogens, loss 
of sexual function became indelibly impressed in the minds of both physicians and 
the public as an inevitable consequence of therapy for prostate cancer. As radiation 
therapy began to grow as an attractive form of treatment for prostate cancer, the rela- 
tionship of treatment to sexual dysfunction became murkier. Many patients treated 
with radiation were elderly, their sexual function before treatment was poorly docu- 
mented, and hormone therapy was used indiscriminately before and after radiation, 
making it difficult to elucidate the effect of radiotherapy on sexual function. The 
discovery by Walsh and Donker of the anatomical location of the cavernous nerves 
in the early 1980s and the development by Walsh of the anatomical, “nerve-sparing” 
radical prostatectomy brought the field into much sharper focus. Rather than sexual 
function being an unavoidable consequence of effective prostate cancer treatment, 
it became clear that fine details of surgical technique or the precise way in which 
the treatment for prostate cancer was delivered had a major impact on the quality 
of sexual function after treatment. Walsh first reported, and then many others con- 
firmed, that it was possible for many men to recover adequate, even normal, erectile 
function after radical prostatectomy if a skilled procedure was done to remove the 
entire prostate gland while preserving the neurovascular bundles. Shortly thereafter, 
risk factors were identified that could predict the probability of recovery: age, qual- 
ity of erectile function before the operation, and quantitative preservation of the 
neurovascular bundles. 

The modern era of precise measurement of the effects of prostate cancer treat- 
ment on sexual function would await the development of modern outcomes research 
methods, especially patient-completed quality-of-life questionnaires. These have 
allowed more reliable and precise measurements of the effect of androgen depri- 
vation therapy, radiation, surgery, and other treatments on sexual function. 

With the availability of noninvasive forms of treatment—intracavernous injec- 
tions, vasodilating agents, and oral phosphodiesterase-5 inhibitors—patients with 
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erectile dysfunction after prostate cancer therapy had more options. With the ready 
availability of medical information on the Internet and in bookstores, patients’ 
expectations rose substantially. More and more men became aware of the sexual 
side effects of each treatment and much more interested in finding a way to treat 
their cancer effectively without compromising sexual function. As a result, preser- 
vation of sexual function has become an important metric for measuring the quality 
of prostate cancer therapy. Even though this outcome has been reported far too casu- 
ally, too often assessed only by the treating surgeons, the patients as well as referring 
physicians increasingly demand to know the chances that a patient will recover sex- 
ual function after therapy. 

In this wonderful and timely book, Dr. John Mulhall has brought together many 
of the world’s experts on prostate cancer and sexual function to assess in detail the 
state-of-the-art. These chapters offer a broad overview of the pathophysiology and 
treatment of sexual dysfunction in men with prostate cancer, and leave the reader 
with numerous pearls of wisdom about how sexual dysfunction can be assessed and 
prevented in the care of patients with prostate cancer. 

Sexual dysfunction presents a major challenge to physicians who take on the 
task of treating men with prostate cancer. It is no longer good enough to cure the 
disease or save the patient’s life. In a disease that lingers as long as prostate cancer, 
even when left untreated or treated palliatively, patients demand the highest possible 
quality-of-life compatible with the greatest length of life. They expect us to under- 
stand exactly how our treatment alters their function and to do everything we can to 
minimize the damage. 

We now know that outcomes of cancer therapy—cancer control as well as com- 
plications and side effects—are related to the skill and experience of the individual 
surgeon, the dose and technique of irradiation, and the quality of care delivery sys- 
tems. The best outcome requires therapy delivered with the best possible technique. 
For surgery, this means precise, anatomical dissection that allows preservation of 
the neurovascular bundles. For radiotherapy, this means precise delivery of dosage, 
either through brachytherapy implants or intensity-modulated radiotherapy (IMRT), 
to deliver maximum tumoricidal doses to the cancer with minimal collateral dam- 
age to the surrounding tissue. For systemic therapy, this means restraint in the use 
of androgen deprivation to situations in which the benefit clearly outweighs the side 
effects. 

These are challenges that can be met through greater understanding of the 
anatomy and physiology of sexual function and through precise measurements of 
the effects of each therapy, not only on the cancer but also on sexual function. 
Dr. Mulhall and the authors of this new text have provided a valuable source of infor- 
mation that clearly defines the state-of-the-art today and will undoubtedly stimulate 
further progress in the field. 


Peter T. Scardino, MD 


Preface 


Prostate cancer is the most common form of cancer in American men other than 
skin cancer. It is estimated that about 185,000 new cases of prostate cancer will be 
diagnosed in 2008 in the USA alone. Almost 30,000 men will die of the disease in 
2008 in this country. It is the second-leading cause of cancer death in men after lung 
cancer. While a man has a 15% chance of being diagnosed with prostate cancer in 
his lifetime, only 3% die of the disease. Thus, in the modern era, the vast majority of 
men live for very long periods of time. Over the course of the last 20 years, numer- 
ous discoveries and refinements in management have occurred in this disease. There 
have been refinements in prostate biopsy technique, in imaging of prostate cancer, 
in surgical technique (e.g., the introduction of laparoscopic and robotic prostatec- 
tomy), in the delivery of radiation therapy, and in the treatment of advanced disease. 
Furthermore, the use of PSA as a screening tool has resulted in a far greater num- 
ber of men being diagnosed with prostate cancer at its earliest stages. This has also 
translated into younger men being diagnosed with prostate cancer. Thus, a man’s 
long-term sexual function has become an even bigger issue now given these factors. 

With regard to the sexual function consequences of the treatment of prostate 
cancer, the field has changed dramatically over the course of the last 20 years. 
Many of the developments in this area have been “under the radar” and have been 
missed by most clinicians. Increased understanding of the pathophysiology of post- 
prostatectomy sexual dysfunctions and post-radiation therapy erectile dysfunction, 
the controversial concept of penile rehabilitation, neuromodulatory drugs, and the 
impact of androgen deprivation therapy on sexual function are but a few of the areas 
in which information explosion has occurred. The purpose of this book is to give 
the practicing clinician, whether a urologist, radiation therapist, medical oncologist, 
internist, or primary care physician, a comprehensive state-of-the-art overview of 
sexual function changes and their treatments in the prostate cancer patient. 

I am proud to say that I have been joined in this effort by the world’s leading 
authorities in this area. I am indebted to my chairman, Dr. Peter T. Scardino, for his 
masterful foreword. Dr. Scardino is a surgeon-—scientist who needs no introduction. 
He is Chairman of the Department of Surgery at Memorial Sloan-Kettering Cancer 
Center and has made major contributions in the treatment of and research in prostate 
cancer. 
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This book opens with a chapter on sexual dysfunctions following prostate can- 
cer treatment. It would be remiss of us if we concentrated solely on erectile dys- 
function as there are other sexual problems that are prevalent, specifically, orgasm 
changes, penile length changes, and the development of Peyronie’s disease after 
radical prostatectomy. Clinical experience tells us that a man’s erectile function in 
the months leading up to his prostate cancer treatment is different than that before 
his diagnosis. A chapter by Dr. David F. Penson and Dr. Christian J. Nelson high- 
lights this, dealing with the impact of prostate cancer diagnosis on sexual function. 
Dr. Kevin T. McVary, a urologist, and Dr. Carol A. Podlasek, a scientist, both world 
authorities on the consequences of nerve injury on erectile tissue, discuss the patho- 
physiology of erectile function changes following radical prostatectomy using their 
experience with the cavernous nerve injury model as an example. 

Dr. Victoria J. Croog and Dr. Michael J. Zelefsky, of the Department of Radia- 
tion Oncology at Memorial Sloan-Kettering Cancer Center, follow with a chapter 
of the pathophysiology of erectile dysfunction following radiation therapy. Dr. P. 
William McLaughlin and Dr. Gregory Merrick, both radiation oncologists, discuss 
the intriguing concept of erection-sparing radiation therapy and whether this is pos- 
sible or not. Dr. Arthur L. Burnett II discusses the role of neuromodulatory drugs in 
the radical prostatectomy patient. Dr. Burnett has contributed significantly to this lit- 
erature from a clinical and laboratory standpoint. It is exciting to think that, at some 
point in time, we may have drugs that prevent cavernous nerve injury or promote 
cavernous nerve regeneration at the time of surgery or even after radiation therapy. 

A chapter on intraoperative maneuvers designed to minimize postoperative erec- 
tile dysfunction is written by Dr. Joseph A. Pettus and Dr. Farhang Rabbani. Dr. 
Rabbani, one of the world’s authorities on cavernous nerve interposition grafting, 
gives a comprehensive and critical account of this strategy. Dr. Alexander Miiller 
and I have contributed a chapter on the controversial topic of penile preservation 
and rehabilitation and present the animal and human data supporting this concept at 
this time. Dr. Ricardo Munarriz and Dr. Abdul Traish, a urologist and basic scientist, 
respectively, from Boston University, highlight the impact androgen deprivation has 
on male sexual function. They present elegant data that outline the severity of the 
impact that an agonadal state has on erectile function. 

Dr. Francesco Montorsi (the founding father of the concept of penile rehabilita- 
tion) and Dr. Andrea Salonia, from Milan, Italy, discuss the use of PDES inhibitors 
in the radical prostatectomy patient population and extensively review the literature 
pertaining to the use of these drugs. Dr. Andrew McCullough, from New York Uni- 
versity Medical Center, discusses intracavernosal injection therapy, while Dr. Brian 
R. Lane and Dr. Drogo K. Montague, from the Cleveland Clinic Foundation, dis- 
cuss non-pharmacologic therapies for erectile dysfunction, including penile implant 
surgery, after the treatment of prostate cancer. 

The penultimate chapter is written by Dr. Abraham Morgentaler, from Boston, 
who discusses the highly controversial subject of androgen supplementation in the 
prostate cancer patient. Dr. Morgentaler, the world’s authority in this area, makes 
a cogent argument in favor of a rational approach to the use of androgens in the 
prostate cancer patient. The book finishes with a “crystal ball” view for the future of 
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post-radical pelvic surgery pharmacotherapy. This chapter is written by Drs. Tony 
Bella and Tom F. Lue, from the University of California, San Francisco, and no 
one is in a better position to address this issue than they are Dr. Lue is the world’s 
authority on stem cell therapy for erectile dysfunction. 

It is my hope that you, as a clinician, will find this information useful. Further- 
more, I hope that it will at the very least provoke you into thinking differently about 
these problems in this population and perhaps even alter how you practice. 


John P. Mulhall, MD 
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Comparison of prostate interface clarity at different levels within 
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see discussion on p. 100) 
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Intraoperative photograph showing the completed right cavernous 
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Chapter 1 
Sexual Dysfunction After Radical Prostatectomy 


Raanan Tal and John P. Mulhall 
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Abstract Prostate cancer is the most prevalent cancer among men. The most com- 
mon treatment for localized prostate cancer is surgery: complete removal of the 
prostate, a procedure called “radical prostatectomy” (RP). With advances in prostate 
cancer detection, patients are diagnosed and treated earlier, at a younger age, when 
sexual function is an important constituent of their quality of life and well-being. 
Erectile dysfunction (ED) is a well-reported adverse outcome of RP; however, there 
are additional sexual function related sequelae that are not as often discussed with 
the patient, before or after surgery. Erectile dysfunction preservation has become 
feasible with the introduction of nerve-sparing radical prostatectomy in 1982, a 
surgical technique that allows removal of the prostate without transaction of the 
neighboring erection nerves, preventing complete loss of erections. However, 
“nerve-sparing” is not synonymous with “erection quality sparing” and even with 
excellent nerve-sparing by a highly experienced surgeon men do experience some 
degree of temporary or permanent decline of their erection hardness. In addition 
to its effect on erection quality, RP renders all patients unable to ejaculate, and 
consequently men are infertile after surgery. Advanced reproductive procedures are 
required if pregnancy is desired. Additional consequences of RP may also include 
changes in the nature of orgasm, penile length shortening, and penile curvature. With 
advances in sexual medicine research, today we have a wider knowledge of preva- 
lence of various forms of sexual dysfunction after RP and a better understanding of 
the underlying mechanisms involved in their evolution. Hence, experts are able to 
better address sexual function issues, provide men and their partners with counsel- 
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ing, and tailor treatment individually according to patient’s needs. Sexual dysfunc- 
tion issues should be discussed early, preferably before surgery, despite thoughts 
of inappropriateness in the light of a recent cancer diagnosis, to avoid any delay in 
patient and partner education and treatment. Prompt rehabilitative treatment after 
surgery maximizes the chances of returning to full sexual function. Unaddressed 
sexual health concerns may have deleterious psychogenic consequences on men 
and their partners as individuals as well as their well-being as a couple and may 
include loss of self-esteem and body image, feelings of guilt and shame, and loss of 
self-confidence and intimacy. 

The aim of this chapter, titled “Sexual Dysfunction After Radical Prostatectomy,” 
is to provide the reader with the latest information on sexual health after RP, present 
emerging concepts of our understanding of its etiology and their implications for 
treatment. 


Keywords Erectile dysfunction; Peyronie’s disease; orgasmic dysfunction; penile 
length; incontinence. 


1 Introduction 


Sexual dysfunction is a well-reported adverse outcome of radical prostatectomy 
(RP); however, the surgeon—patient discussion is often limited only to erectile dys- 
function (ED). Surgical treatment of prostate cancer is associated with significant 
anatomic and functional alterations that also adversely affect other components of 
sexual function, including absence of ejaculation, changes in orgasm, penile defor- 
mity, and alterations in penile length. Patient education regarding the possible sex- 
ual function outcomes and available therapies ideally should be carried out before 
surgery, to give patients and their sexual partner realistic expectations and to encour- 
age them to raise sexual health issues and seek treatment after surgery. The concern 
among surgeons has been that too involved a discussion with the patient/couple 
may lead to patient fear and perhaps a likelihood that the patient will opt for “less- 
invasive” therapy such as radiation therapy. Part of such an interview should also 
include a brief discussion regarding the absence of data demonstrating that long- 
term ED rates are lower following radiation therapy compared to surgery. Post- 
operative follow-up should address sexual health issues, to detect and treat any 
impairment early in its course in an effort to avoid long-term sequelae. 


2 Erectile Dysfunction 


Prior to 1982 virtually all men who underwent surgical treatment for prostate can- 
cer were incapable of achieving functional erections after surgery. Following the 
discovery of the anatomy of human cavernous nerves by Walsh and Donker, the 
first purposeful anatomic nerve-sparing RP was performed with complete recovery 
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of sexual function within 1 year following surgery (1). Nowadays, more than 25 
years later, being able to recover erectile function is considered an integral part of 
successful “trifecta” outcome of RP, namely cancer control, urinary continence, and 
erectile function (2). Unfortunately, nerve-sparing is not synonymous with erectile 
function sparing, and patients have to confront the burden of ED postoperatively. 
The prevalence of ED following RP varies considerably from series to series, with 
better results being reported from centers of excellence compared to community- 
based practices and from single-surgeon, single-center series compared to multi- 
center analyses. 


2.1 Defining Erectile Function Outcomes After Radical 
Prostatectomy 


ED prevalence has been shown to vary with the use of different definitions or 
whether outcomes are physician or patient reported (3,4). Acquiring accurate infor- 
mation from patients is a challenge for a variety of reasons. The major problems 
in defining and reporting sexual function outcomes after RP include (i) issues 
with data acquisition, (ii) defining adequate erectile function, and (iii) variations in 
study populations. Obviously, conducting randomized, controlled study is ideal but 
impractical when the control is no surgery. However, this should not abrogate the 
investigator’s responsibility to design in a prospective fashion study to answer this 
question. One of the primary concerns is the means of data acquisition; for exam- 
ple, is the data questionnaire-based or is it obtained by a third-party evaluator or the 
surgeon himself or herself? The latter introduces the concept of social desirability, 
the notion that patients will tell their surgeon what they think their surgeon wants to 
hear. Thus, ideally for optimum accuracy a third-party evaluator preferably utilizing 
a validated questionnaire should be employed. When using a questionnaire, atten- 
tion should be paid to what the questionnaire actually addresses. Is it erectile func- 
tion, bother or satisfaction? The gold standard questionnaire, the international index 
of erectile function (IEF), is somewhat cumbersome but the questions addressing 
erectile function (questions 1-5 and 15) constitute the erectile function domain and 
while strictly speaking the IEF is validated only for the full 15 questions, many cen- 
ters utilize the EF domain as their tool of choice. The shorter sexual health inventory 
for men (SHIM), also known as the ITEF-5, is used frequently despite the fact that it 
does not have a question pertaining to the actual ability to have sexual intercourse. 
This question has been removed and its surrogate asks about “getting an erection 
firm enough for intercourse.” It is recognized that there is a difference between get- 
ting an erection that one thinks is good enough for intercourse and actually accom- 
plishing intercourse. This has been borne out in ED drug trials. 

Some questionnaires assess both function and bother such as the UCLA-prostate 
cancer index (PCI) and the expanded prostate index composite (EPIC) (5,6). In 
an ideal study, sexual encounter diaries (event logs) should also be used as these 
assess the ability to have sexual intercourse in real-time (they are completed after 
the encounter) and are therefore not affected by recall bias (the IIEF asks about the 
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past 4 weeks, while the SHIM asks about the last 6 months). One of the concerns is 
that someone completing the SHIM will give scores for the past 1-2 months when 
erectile function is better than the 2 months preceding that and thus they may over- 
estimate their function. The event logs have the ability to demonstrate the proportion 
of sexual intercourse attempts that were successful which is not fully assessed by 
the ITEF or SHIM. It is well-appreciated that baseline erectile function is a critical 
predictor of erectile function recovery and that erectile function improves out to at 
least 24 months after RP. Thus, denoting the patients’ preoperative function in some 
fashion (self-report, partner corroboration, or questionnaire ideally) and following 
this (preferably in a serial fashion) out to 24 months after surgery is ideal. 

Defining adequate erectile function is more complex than it appears on the sur- 
face. What really defines adequate function? Is it a score on a questionnaire? Is 
it return to the ability to have intercourse? Is it return to baseline function? Does 
this function include the use of a PDES5 inhibitor medication? The NIH definition 
of ED (“the consistent inability to obtain and/or maintain an erection sufficient for 
satisfactory sexual relations”) does not address the use of erectogenic medications, 
yet the urologic oncology community has accepted the need for PDES inhibitor 
use in defining adequate erectile function. Using a score on a questionnaire such as 
the ITEF is fraught with problems. For example, the score that defines “normalcy” 
on the IEF erectile function domain is 26 (maximum 30). However, it is demon- 
strated in the literature that approximately 70% of men with scores between 22 
and 25 considered themselves as being able to have sexual intercourse whenever 
they wish. At Memorial Sloan-Kettering Cancer Center we are currently using an 
EF domain score of 24 as a cut-off for inclusion in postprostatectomy rehabilita- 
tion studies. If patient self-report is used, should we insist on partner corrobora- 
tion as clinical experience demonstrates that some men overestimate their erectile 
function at the time of a sexual function interview? Should we use the ability to 
have sexual intercourse as the definition? The problem with such a definition is 
that a man only requires approximately a 60% rigid erection to have the ability to 
have sexual intercourse. While there are centers that use this as their definition, if 
the patient had perfect erectile function preoperatively (100% rigid consistently) 
then he will have experienced a 40% reduction in his rigidity and will be using a 
PDES inhibitor to improve his erections and if he is already using a medication 
will be switching to another drug or strategy to ensure adequate rigidity. This is 
supported by the correlation of the new erection hardness score (EHS) with the 
IEF scores. In men with a score of 3 (erection hard enough for intercourse but 
not fully hard) on the 4 point scale (a score of 4 denotes a fully rigid erection) 
the mean EF domain score was 18, clearly less than ideal (7). Finally, attention 
should be paid to the consistency of erections. If a man can have intercourse one 
of every ten encounters is this adequate? Clearly not. Even if one uses a score of 
22 on the EF domain score, this equates to a mean per question score of 3.7, which 
denotes “more than half the time” and closer to “most of the time.” Thus, at least a 
50% success rate and more likely a 75% success rate defines adequate consistency 
of erection. 
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2.2 Erectile Function Outcomes 


A summary of erectile function outcomes is presented in Table 1. Walsh et al. 
reported that 86% of patients were potent and 84% considered sexual bother as none 
or small 18 months following nerve-sparing RP (8). Kundu et al. reported erectile 
function rate of 76 and 53% following bilateral and unilateral nerve-sparing surg- 
eries, respectively (9). According to the “Memorial Sloan-Kettering Cancer Center” 


Table 1 Erectile Function After Radical Prostatectomy: Contemporary Series of Open, Laparo- 
scopic, and Robot-Assisted Radical Prostatectomy 


Author Year Operation Main outcomes 
type 
Stolzenburg (51) 2007 LRP-BNS 67.7% erections sufficient for intercourse 
LRP-UNS 34.1% erections sufficient for intercourse 
Menon (13) 2007 RARP-BNS 93% intercourse rate 
51% return to baseline SHIM score without 
PDESi 
22% return to baseline SHIM score with PDE5i 
Zorn (52) 2007 RARP-BNS 83% able to achieve erection for intercourse + 
RARP-UNS PDESi 
62% able to achieve erection for intercourse + 
PDESi 
Michl (53) 2006 ORP-BNS 54.5% able to perform sexual intercourse 
ORP-UNS 29.8% able to perform sexual intercourse 
Goeman (12) 2006 LRP-BNS 64% able to achieve and maintain erection + 
PDESi 
Rassweiler (54) 2006 LRP-BNS 52.5% full erections 
Rassweiler (55) 2006 LRP-BNS 67-76% able to engage in sexual intercourse + 
PDESi 
Patel (56) 2006 RARP 78% potency + PDESi 
BNS/UNS 
Rozet (11) 2005 LRP-BNS 64% potency rate with PDESi 
43% intercourse rate with PDESi 
Kundu (9) 2004 ORP-BNS 76% have erections sufficient for penetration + 
ORP-UNS PDESi 
53% have erections sufficient for penetration 
PDESi 
Walsh (8) 2000 ORP-BNS 86% able to have unassisted intercourse + PDE5i 
Rabbani (17) 2000 ORP -BNS 55% have full or partial erections sufficient for 
ORP-UNS intercourse without PDESi 


21% have full or partial erections sufficient for 
intercourse without PDESi 


RARP - robot-assisted radical prostatectomy 
LRP — laparoscopic radical prostatectomy 
ORP — open radical prostatectomy 

BNS - bilateral nerve-sparing surgery 

UNS - unilateral nerve-sparing surgery 
SHIM - sexual health inventory for men 
PDESi— phosphodiesterase 5 inhibitors 
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experience, erectile function is recovered in 70% of the cases after 2 years (2). The 
“Prostate Cancer Outcomes Study” (PCOS) collected longitudinal quality-of-life 
outcomes data in men who underwent RP using the Surveillance, Epidemiology, 
and End Results (SEER) cancer registries of the National Cancer Institute (NCI). 
Data derived from the PCOS showed an inability to achieve erections sufficient for 
intercourse was reported in 80% of the cases, however, nerve-sparing status was not 
specified (10). 

With advances in laparoscopic surgery, RP became feasible using a laparo- 
scopic approach with or without robotic assistance. Advantages of laparoscopic and 
robot-assisted surgery have been delineated, and include improved operative field 
visibility, decreased blood loss, early ambulation, and more rapid convalescence 
without compromising cancer control. To date, there is no scientific data that erec- 
tile function or urinary function outcomes are different between open and lap/robotic 
approaches. Despite this, claims to the contrary have been made extensively on the 
Internet from centers performing robotic prostatectomy. A large, randomized, con- 
trolled trial is awaited but will likely never happen. Reports on erectile function 
outcome following laparoscopic or robotic-assisted RP appear to present results 
comparable to standard open RP, however, erectile function data from the large 
series’ reports are often limited to a small subset of patients. Rozet et al. presented 
a series of 600 extraperitoneal nerve-sparing RP series and report recovery of erec- 
tions in 64% and ability to accomplish sexual intercourse in 43% of the cases at the 
relatively short median follow-up of 6 months (11). Goeman et al. reported potency 
rates of 64% overall and 79% among men younger than 60 years, at 24 months fol- 
lowing laparoscopic RP (12). Menon et al. report 70 and 100% ability to perform 
intercourse at 12 and 48 months, respectively, in patients without ED preoperatively, 
after robotic-assisted RP. These results are significantly superior to their results of 
standard open nerve-sparing surgery, of 40 and 70% intercourse rates at 12 and 60 
months, respectively. Despite these favorable results, in their questionnaire-based 
evaluation of overall sexual function, only 51% of men returned to baseline function 
(13). To date, comparative studies of open, laparoscopic, and robotic-assisted RP 
failed to show a significant difference in terms of sexual function outcome (14,15). 

Data from the Cancer of the Prostate Strategic Urologic Research Endeavor 
(CaPSURE) database, a longitudinal, observational registry of men with prostate 
cancer, show that sexual function continues to improve at 24 months after surgery 
(16). A study by Rabbani et al. found that recovery may occur even after 40 
months, a longer duration than previously thought (17). This protracted time inter- 
val, required for erectile function healing, is consistent with the mechanism involved 
in the etiology of post-RP ED which is primarily neural damage. While erection 
recovery does not uniformly occur in all cases, several predictors of recuperation 
have been identified including younger age at surgery, better erectile function pre- 
operatively, erectile hemodynamic changes after surgery, and the extent of neurovas- 
cular bundle preservation (17). 

Awaiting recovery of neural structures, patients are advised to regain erections 
pharmacologically and resume sexual activity shortly after surgery. The early return 
to regular sexual activity may improve subjects’ self body image and self-esteem 
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and avoid a possible long-term deleterious effect of sexual activity cessation on the 
patient and his partner’s relationship. Moreover, early treatment to achieve erec- 
tion has been shown to improve long-term erectile function recovery of sponta- 
neous erections or response to treatment by minimizing penile structural changes 
(18). The first-line treatment option for ED following RP remains oral drugs of 
the phosphodiesterase 5 inhibitors’ (PDESi) group though response rates are con- 
siderably lower, compared with ED of other etiologies. In a systematic review 
of the literature by Montorsi and McCullough, addressing the efficacy of silde- 
nafil citrate in the treatment of post-RP erectile dysfunction, response rate ranged 
14-53%, with a combined response rate of only 35% (19). In a study designed to 
compare the efficacy of sildenafil citrate in different etiologies, 31% of patients with 
post-RP ED had erections satisfactory for intercourse while response rate among 
men with neurogenic, arteriogenic, and psychogenic ED were 67, 70, and 78%, 
respectively (20). 

Patients who fail to respond to PDESi’s are excellent candidates for intracaver- 
nosal injection therapy with a reported response rate of 85% (21). Evaluating various 
treatment modalities for ED post-RP, Baniel et al. found that at 1 year, 71% of sub- 
jects were using penile injection therapy and only 14% were using sildenafil (21). 
As neuro-regeneration and penile fibrotic changes are dynamic processes, patients 
on injection therapy should be monitored closely for dose adjustment in the first 1-2 
years after surgery. After stabilization of erectile function, if satisfactory outcome 
has not been reached with non-surgical treatment modalities, insertion of penile 
implant is an option for patients who desire the ability to have sexual intercourse, 
however, satisfaction rate among men who had RP appears to be lower when com- 
pared to the general penile prosthesis population (22). 

In summary, the prevalence of ED after RP may vary, however, it is not a rare 
outcome. Older patients as well as patients with preexisting ED or patients in whom 
nerve-sparing surgery has not been achieved are at increased risk for ED after RP. 
Patients should be given realistic expectations, including the relatively low chance 
of responding to oral agents in the first postoperative year. Intracavernosal injection 
therapy should be discussed early in the course of treating ED after RP. 


3 Anejaculation 


RP essentially disrupts the ejaculatory mechanism. Medical literature data regard- 
ing the impact of ejaculation loss following prostate cancer treatments are scarce. 
Anejaculation has several implications: firstly, it may interfere with subject’s self- 
perception of his manhood and body image, then as ejaculation and orgasmic sen- 
sations are closely related, anejaculation may be associated with reduced orgasmic 
quality, and finally, it renders men infertile. Prostate cancer is perceived as a disease 
of old men, to whom infertility is no longer an issue. However, in the era of early 
prostate cancer detection, men are diagnosed at a younger age and have an excellent 
long-term recurrence-free survival rate (23). At the same time, parenthood age in 
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the general population is increasing and cancer diagnosis may actually increase the 
motivation for parenting (24). Though advanced sperm extraction and fertilization 
techniques are available, the issue of anejaculation and its implication on future fer- 
tility should be discussed and not assumed to be non-relevant and semen should be 
cryopreserved for men desiring future fatherhood (25). 

The advent of intracytoplasmic sperm injection (ICSI) has allowed the applica- 
tion of assisted reproductive technologies to couples whose male partner can pro- 
duce only tiny numbers of sperm or cannot deliver sperm in an antegrade fashion 
(26-31). This has particular relevance to the patient who has undergone RP. Two 
major retrieval techniques have been reported, open and percutaneous approaches. 
In the standard testicular sperm extraction (TESE) technique, the procedure is per- 
formed in a blind fashion that does not identify the focal sperm-producing areas of 
the testis until tissue has been excised from the patient. Microdissection of testic- 
ular tubules identifies sperm-containing regions before their removal. Identification 
of spermatogenically active regions of the testicle is possible by direct examination 
of the individual seminiferous tubules. Prior to performing TESE for this indica- 
tion an assessment of the testicular volumes and serum FSH levels is critical to give 
the patient realistic expectations about the chance of retrieving sperm. Furthermore, 
given that TESE sperm can only be used for IVF/ICSI an evaluation of the female 
partner should be conducted to ensure that her fertility potential is reasonable prior 
to undertaking scrotal surgery in her partner. 


4 Orgasm Alterations 


Despite major advances in our understanding of the erectile mechanism in the last 
decade, the orgasmic process remains poorly understood. Both physiological and 
psychogenic elements contribute to the genesis of the orgasmic phase. Ejacula- 
tory events that include smooth muscle contraction of the accessory sex organs; 
buildup and release of pressure in the posterior urethra; sensation of the ejacula- 
tory inevitability; contraction of the urethral bulb and perineum; rhythmic contrac- 
tions of the pelvic floor muscles; and semen emission and ejaculation contribute 
to the sensation of orgasm as well as the reversal of the generalized physiologi- 
cal changes and sexual tension. Sensory cortical neurons perceive these events as 
pleasurable (32). Normally, orgasm is closely coupled with ejaculation, however, 
after RP orgasm occurs without semen ejaculation per se, yet ejaculatory muscular 
activity does exist. 

Though orgasmic changes receive little attention they are not uncommon and can 
be categorized into three areas (i) changes in orgasm, (ii) orgasmic pain (dysorgas- 
mia), and (iii) orgasm-associated incontinence (Table 2). Schover et al., in a study 
of 1,236 men treated for localized prostate cancer (52% RP, 48% radiation therapy), 
found that 65% of the sample reported a problem with their orgasms including 31% 
who no longer tried to reach orgasm, 17% who tried but were unable to reach orgasm 
and 28% with orgasms that were disappointingly weak (33). To define the type of 
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Table 2 Orgasmic Dysfunction After Radical Prostatectomy 


Author Year No. of patients Orgasmic dysfunction type and rate 
Choi (36) 2007 475 20% orgasmic incontinence (climacturia) 
Lee (37) 2006 42 45% orgasmic incontinence (climacturia) 
Barnas (34) 2004 239 22% no change in orgasm intensity 


37% complete absence of orgasm 
37% decreased orgasm intensity 
4% increased orgasm intensity 
14% orgasmic pain (dysorgasmia) 
Koheman (57) 1996 17 64% orgasmic incontinence (climacturia) 
82% decreased orgasmic intensity 
14% orgasmic pain (dysorgasmia) 


orgasmic dysfunction in men after RP Barnas et al. used a validated questionnaire, 
including questions addressing the presence or absence of orgasm, orgasm quality 
before and after surgery, the presence of orgasmic pain, the location of orgasmic 
pain, and consistency and duration of orgasmic pain. Of subjects treated surgically, 
22% of patients reported no change in orgasm intensity but 37% reported a complete 
absence of orgasm, 37% had decreased orgasm intensity, and 4% reported a more 
intense orgasm after RP than before. Pain during orgasm occurred in 14% of the 
patients, located to the penis (63%), abdomen (9%), rectum (24%), and other areas 
(4%). In those respondents who had dysorgasmia, pain was reported to occur always 
(with every orgasm) in 33%, frequently in 13%, occasionally in 35%, and rarely in 
19%. Most patients (55%) had orgasm-associated pain for less than a minute, a 
third reported pain for 1-5 min and pain lasting more than 5 min was reported by 
12%; only 2.5% of patients complained of pain lasting more than an hour (34). No 
consensus exists as to the etiology of orgasmic pain, however, it is postulated that 
bladder neck/pelvic floor spasm plays a role. Based on this assumption, a prospec- 
tive, non-placebo controlled study was conducted to assess the use of tamsulosin, 
an alpha-adrenergic blocking agent in patients with orgasmic pain. In this study, 
77% patients reported significant improvement in pain and 12% noted complete 
resolution of their pain with significant increase in HEF libido score, supporting the 
hypothesis that orgasmic pain is related to bladder neck and/or pelvic floor muscle 
spasm (35). 

Urinary incontinence during orgasm (climacturia) is another phenomenon that 
may adversely affect the satisfaction with sexual activity for men following RP and 
their partner. Choi et al. reported that climacturia occurs in 20% following radical 
pelvic surgery, more often after radical prostatectomy than with radical cystectomy 
and it is unrelated to the type of prostatectomy performed (open or laparoscopic). 
It is more likely to be reported within year 1 following surgery and in men who 
complain of orgasmic pain and/or penile shortening (36). Lee et al. reported a higher 
prevalence of climacturia after RP of 45%. In 68% of the cases reported it happened 
rarely or only occasionally, while in 21% it occurred most of the time or always. 
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Urine leakage quantity was only a few drops in 58% of the subjects but 16% reported 
a loss of more than | ounce and bother was none or minimal in 52%, and significant 
in 48%. Treatment was bladder emptying in 84% and condoms use in 11% (37). 

At present, there is no effective treatment to restore the nature of preoperative 
orgasm. Dysorgasmia can be managed symptomatically using alpha-blockers and 
climacturia may be managed behaviorally (fluid intake restriction and bladder emp- 
tying prior to sexual activity) or mechanically (using a rubber constriction ring or 
condoms, if the leakage amount is small). The mainstay of treatment is patient and 
partner education before surgery and supportive care afterward. 


5 Peyronie’s Disease 


Peyronie’s disease (PD) is a localized connective tissue disorder that affects the 
tunica albuginea of the penis. Fibrous scar tissue, which replaces the normally elas- 
tic fibers, causes a characteristic penile deformity that is most evident during erec- 
tion. This pathological process can manifest as increased curvature, indentation, 
shortening, or an “hourglass” deformity of the penis. The diagnosis of PD is often 
preceded by painful erections, and can be associated with ED and palpable areas of 
induration (plaques) (38). Despite centuries of recognition, the exact etiology of PD 
remains elusive. While trauma is considered to be the provocative stimulus, other 
contributing factors include failure of fibrin clearance; collagen alterations; genetic 
predisposition; autoimmune factors; free radical production; and cytogenetic aber- 
rations (38). The prevalence of PD in the general male population is reported to 
be 3-8%, with a higher prevalence in men with erectile dysfunction (39,40). When 
Peyronie’s penile plaques are actively sought on physical examination in men pre- 
senting for evaluation for unrelated conditions, they can be found in 9% of the cases 
(41). Genital and/or perineal trauma, as well as lower urinary tract surgery, has been 
implicated as risk factors for PD (42). 

The prevalence of PD following radical prostatectomy has been addressed by a 
single paper in the literature and in this analysis of 110 men who presented with ED 
after RP, 45 (41%) had penile fibrotic changes, representing 11% of all men who had 
RP in their institute at the specified period. This incidence of PD is markedly higher 
than that of the general population. The clinical presentation was penile curvature in 
93% and “waistband” deformity in 24%; palpable plaques were present in 31 (69%) 
(43). The actual prevalence of PD after RP may be even higher, as this condition, 
manifested as penile curvature during erection, is evident only in men who achieve 
some degree of penile rigidity. Originally ascribed to undiagnosed preoperative PD 
or spongiofibrosis due to urethral catheterization, we routinely see men who had 
normal genital exams preoperatively who develop PD after surgery and most of our 
patients have PD plaques dorsally nowhere near their corpus spongiosum thus spon- 
giofibrosis is not likely to be a major contributor. Another explanation that patients 
are given is that the intracavernosal injections they are using after surgery caused 
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the tuncia fibrosis, despite the fact that there is no data to support this whatsoever. 
Indeed, it is not uncommon for us to see men 3 months after RP who are present 
in clinic for their first penile injection training session, who had no documented 
PD prior to RP, and who on their first injection demonstrate penile curvature never 
having received an injection prior to that. 

While the precise process of plaque formation leading to eventual clinically evi- 
dent PD following RP is still obscure, it is not unlikely that it may be related to other 
post-RP penile fibrotic changes, secondary to denervation and/or local ischemia 
(44). As it is likely that non-surgical treatments of PD are more effective in the early 
stages of the disease, patients after RP should be routinely evaluated for existence 
of penile plaques, as a part of their postoperative follow-up. 


6 Penile Length Alterations 


Penile length changes after RP have been described (Table 3). Penile shortening, 
even if sexual intercourse is still feasible, once it is noticeable by the patient or 
his partner may adversely affect self body image, self-esteem, sense of manhood, 
and self-confidence. In 1999 Fraiman et al. found significant decrease in all penile 
dimensions after RP: decreased penile length of 8 and 9% and decreased volume 
of 19-22% in the flaccid and erect states, respectively. The most substantial change 


Table 3 Penile Length Changes After Radical Prostatectomy 


Author Year No. of patients Time interval Main outcomes 
Gontero (48) 2007 126 1 year 1.34 cm shortening — flaccid length 
2.30 cm shortening — stretched 

length 

Briganti (58) 2007 33 6 months No statistically significant length 
changes, both flaccid and erect 
states 

Savoie (47) 2003 63 3 months 19% had 15% shortening — 
stretched length 


1.2 cm shortening — flaccid length 
1.1 cm shortening — stretched 
length 
Munding (46) 2001 31 3 months 13% increased stretched length 
16% no change in stretched length 
71% had decreased stretched 
length: 
23% — up to 0.5 cm 
35% — 1.0-2.0 cm 
13% — more than 2.0 cm 
Fraiman (45) 1999 100 1.7-27.6 months 8% decrease in flaccid length 
9% decrease in erect length 
Greatest change at 4-8 months 
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occurred between the first 4 and 8 months postoperatively (45). Munding et al. found 
a measured decrement in penile length in 71% of men after RP, which was greater 
then 1 cm in 48% of the cases, 3 months postoperatively (46). Similar finding were 
obtained in a study by Savoie et al. with a decrease in the stretched penile length in 
68% of the cases and greater than 15% in 19% (47). Penile length shortening has 
been shown to be independently associated with nerve preservation status and with 
postoperative erectile function outcome (48). 

The reasons for penile volume changes can be explained by penile anatomic- 
structural changes and physiological—functional changes. Anatomical fibrotic 
changes have been demonstrated in comparison of penile biopsies preoperatively 
and 2 and 12 months postoperatively that showed significantly decreased elastic 
fibers and smooth muscle fiber content and increased collagen content (44). It is 
postulated that the chronic absence of erectile activity leads to a state of cavernosal 
hypoxia, low pO? tension, which favors the secretion of fibrogenic cytokines such as 
TGF-B,; while during erection, the corporal smooth muscle is oxygenated and this 
results in the secretion of endogenous prostanoids (PGE), which in turn, inhibit 
fibrogenic cytokine production (49). 

In addition to anatomical changes, there are also physiological—functional alter- 
ations. It is well-recognized that even in the hands of an experienced surgeon using 
nerve-sparing surgery, some degree of nerve injury, commonly involving neuro- 
praxia, is likely to occur to the cavernosal nerves. Penile relaxation is accomplished 
through the release of nitric oxide (NO) from cavernosal nerve endings and the gen- 
eration of the second-messenger cyclic nucleotides, cGMP and cAMP and is likely 
to be compromised after surgery. Contractility of the smooth muscle is generally 
tonic and under the control of erectolytic neurotransmitters such as adrenaline. Sym- 
pathetic hyper-innervation (termed by some “competitive sprouting”) refers to the 
concept that when autonomic nerves are injured, sympathetic fibers are biologically 
primed to recuperate from injury and regenerate more quickly, resulting in unantag- 
onized sympathetic tone in the end organ (50). After cavernosal nerve injury, this 
phenomenon results in a penile hypertonic state. Any factors that result in reduced 
NO secretion or increased sympathetic tone, such as nerve injury after RP, may lead 
to decreased relaxation or distensibility of corporal smooth muscle and may lead to 
loss of length. Regardless of the exact mechanism of penile length alteration, most 
concerning are structural changes that probably result from a combination of neural 
injury-associated denervation resulting in smooth muscle apoptosis, and cavernosal 
hypoxia-induced collagenization, as they may be the common underlying mecha- 
nism of penile shortening and long-term erectile dysfunction. 

To synthesize these concepts into a working hypothesis, penile length changes 
can be divided into early and delayed. Early changes occur in response to the neu- 
ral injury during RP: the cavernosal nerves undergo Wallerian degeneration, and in 
the early phase, when sympathetic nerve function is in the ascendancy the penis is 
a hypertonic organ, showing sympathetic overdrive. Given that the penile smooth 
muscle is highly contractile in response to adrenergic tone, this results in a penis 
that patients often refer to as “being drawn back in the body.” This hypertonic state 
is most pronounced within the first 3-6 months after surgery. A clinical scenario 
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supporting this is the circumcised man whose penis, soon after surgery, appears 
incompletely circumcised or even uncircumcised. The clue that these changes are 
not the result of permanent structural sequelae is that upon gentle penile stretching 
the penis readily elongates from its “buried” position. More concerning are delayed 
structural changes; these result from true irreversible structural alterations in the 
corporal smooth muscle. These structural changes most probably result from a com- 
bination of factors (as described above), neural injury-associated denervation apop- 
tosis, and cavernosal hypoxia-induced collagenization in men who have a delayed 
return of erectile function. The difference between these changes and early hyper- 
tonicity is shown by the reduced or absent penile stretch in the group with perma- 
nent smooth muscle alterations. It is easy to appreciate how these alterations affect 
not only length but also girth. Finally, whether the institution of a pharmacological 
penile rehabilitation program early after RP can abrogate these alterations presently 
remains unanswered. 


7 Summary 


Sexual dysfunction after RP includes but is not limited to ED. ED as well as anejac- 
ulation, orgasmic dysfunction, occurrence of Peyronie’s disease, and penile length 
shortening may adversely affect sexual function of subjects undergoing RP and their 
sexual partners. Patients should be educated about the foreseeable sexual conse- 
quences before surgery and close follow-up is mandatory afterward. Early diagno- 
sis and treatment of sexual dysfunction, evaluation of its components, and prompt 
treatment may improve long-term outcome. 
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Abstract There is little doubt that prostate cancer is a significant public health bur- 
den. The malignancy continues to be the most common solid tumor among Ameri- 
can men and the second leading cause of cancer death (1). However, not all prostate 
malignancies are deadly and, in fact, a significant number of newly detected prostate 
tumors are “overdiagnosed” (2). In other words, had the patient never been screened 
for prostate cancer, he never would have known he had the disease and, more impor- 
tantly, he never would have suffered any clinical sequelae from the tumor. This 
observation, coupled with the fact that, to date, there are no adequately sized ran- 
domized clinical trials documenting that one active therapy is superior to another 
in terms of overall or disease-specific survival, has caused patients and providers 
to strongly consider quality of life when choosing therapy for prostate cancer. In 
fact, some studies have shown that survivors value quality of life to a much greater 
degree than the impact of treatment on survival when choosing therapy for localized 
prostate cancer (3). To this end, it is critical to understand both the effect of the diag- 
nosis of prostate cancer on quality of life and also the impact of sexual dysfunction 
on quality of life in men with this disease. The goal of this chapter is to review the 
effect of prostate cancer diagnosis and post-treatment sexual dysfunction on quality 
of life. 


Keywords Prostate cancer; sexual dysfunction; quality of life. 
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1 Assessing Quality of Life in Prostate Cancer Survivors 


In order to assess the effect of prostate cancer and sexual dysfunction on quality of 
life, we must be able to measure this rather nebulous entity. To aid in this endeavor, 
we use a variable from the field of health services research, health-related quality of 
life (HRQOL). HRQOL includes both objective evaluation of patients’ functional 
status and their perceptions of their own health and its impact on their existence (4). 
It should be noted that these surveys usually measure different aspects, or domains, 
of HRQOL, thus providing a more comprehensive portrait of the survivorship expe- 
rience. For the most part, these domains can be broken into two categories: generic 
and disease-specific. Generic domains address the aspects of HRQOL that are com- 
mon to all patients, regardless of their disease process. Examples of generic HRQOL 
domains include general physical, emotional or social functioning, general health 
perceptions, and overall vitality. Disease-specific domains focus on the impact of 
particular organic dysfunctions associated with the disease that may affect HRQOL. 
Prostate cancer-specific domains include nausea, bony pain, anxiety regarding can- 
cer recurrence, urinary or sexual dysfunction, etc. In this chapter, we will focus 
almost exclusively on the sexual domains. 

Many physicians mistakenly believe that they can accurately assess a patient’s 
quality of life from the clinical interaction. Studies have shown, however, that this 
is not the case. In a study from CaPSURE, a longitudinal observational disease 
registry of men with prostate cancer, patient-reported health-related quality of life 
in 2,252 prostate cancer survivors was compared to physicians’ estimates of the 
patients’ quality of life. Seventy-five percent of patients reported fatigue, while 
only 10% of their physicians believed that the patient experienced this symptom. 
Furthermore, 97% of patients reported some degree of sexual dysfunction, while 
only 52% of their physicians reported that the patient had this problem (5). This 
study underscores the importance of collecting quality of life information directly 
from the patient. HRQOL is, therefore, measured by directly questioning the patient 
using surveys (also known as instruments). These questionnaires can be adminis- 
tered in a standardized fashion by an objective third-party interviewer, or they can 
be self-administered by the patient. The instruments are developed using the prin- 
ciples of psychometric test theory and are rigorously tested and reviewed prior to 
use to insure that collected data are both valid and reliable. In the past decade, sev- 
eral validated and reliable questionnaires have been developed that are specifically 
designed to measure HRQOL in men with prostate cancer. These surveys have been 
used to compare the effect of various treatments on quality of life, allowing us to 
reach meaningful conclusions that may be helpful in assisting patients when choos- 
ing therapy for their disease. 

Given the unique effect of sexual function on a man’s gender identify and sense 
of self, there are two key points that must be considered when assessing the rela- 
tionship of sexual dysfunction and HRQOL in prostate cancer. Firstly, it is prob- 
ably important that HRQOL assessments be targeted to the patient’s current or 
very recent sexual function status. In other words, studies that query the patient 
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about his pre-treatment sexual function 6-12 months earlier may produce ques- 
tionable results, as patients tend to exaggerate their earlier potency. To illustrate 
this point, Litwin and McGuigan (6) assessed HRQOL in 107 men immediately 
prior to RP. At an average of 21 months following surgery, they asked the same 
patients to recall their pre-operative quality of life. They found that patients overes- 
timated their baseline HRQOL in the urinary and sexual function domains by 13 and 
27%, respectively. In contrast to this, Legler and colleagues (7) compared responses 
to a pre-treatment HRQOL survey in 133 men in the Prostate Cancer Outcomes 
Study (PCOS) to recall function in these same patients 6 months later. Specifically 
in the sexual function domain, the correlation coefficient comparing pre-treatment 
scores to 6-month scores was 0.69, indicating reasonable agreement between the 
two scores. In summary, while there may be less recall bias than one might think, it 
is always better to collect HRQOL information in a prospective, longitudinal setting 
whenever possible. 

The second unique consideration when assessing the effect of sexual dysfunction 
on HRQOL is the importance of collecting both function and bother information. 
Function refers to the degree of symptoms that a patient experiences. If one ques- 
tions a patient regarding the number of attempts at intercourse over the past week 
or the presence of morning erections, function is being addressed. Alternatively, if 
one queries the patient concerning the degree of problems that he has experienced 
due to his sexual dysfunction, bother is being measured. Gill and Feinstein (8) per- 
formed an extensive review of the literature and determined that the vast majority 
of HRQOL instruments only assess function. While this may be adequate in certain 
medical conditions, it is particularly problematic when assessing the effect of ED 
on quality of life, as function and bother do not necessarily correlate, as will be 
discussed later in the chapter. 


2 The Effect of Prostate Cancer Diagnosis on Generic 
Quality of Life 


It is well-understood that men with prostate cancer face disease-specific HRQOL 
concerns that include urinary, bowel, and sexual dysfunctions (9,10). In addition to 
these physical aspects of HRQOL, mental health concerns also play an important 
role and can have a major impact on HRQOL. It is not surprising that many patients 
experience high levels of distress when coping with cancer. To this end, one might 
expect that the diagnosis of prostate cancer in and of itself may have an effect on 
generic or disease-specific HRQOL. A review of the available literature, however, 
indicates that this is not the case. 

In the disease-specific domains, there is no substantial evidence that the diagnosis 
of prostate cancer itself leads to HRQOL changes. In 2007, the vast majority of 
prostate cancer survivors are diagnosed with localized disease and, therefore, have 
minimal or no symptoms (11). Therefore, one would not expect significant HRQOL 
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changes immediately following a new diagnosis. However, there is no adequately 
sized completed study that has assessed men during pre-screening/diagnosis and 
then followed them through their disease course. As such, the available evidence on 
the impact of prostate cancer diagnosis on QOL comes from the studies that have 
assessed men post-diagnosis and pre-treatment, or studies that included an active 
surveillance cohort. 

The available evidence suggests that urinary, bowel, or sexual functions are not 
directly affected by diagnosis or by the onset of the disease. In a study of 214 men 
with prostate cancer who were compared to 273 age-matched controls, Litwin et al. 
(12) found no difference in urinary function or bowel function of men with prostate 
cancer who elected observation only versus the age-matched controls These results 
are supported by the results from Lubeck and colleagues (13) who conducted longi- 
tudinal assessments of 692 men with prostate cancer. In this study, men in the obser- 
vation only group (n=87) reported few urinary or bowel difficulties at the time of 
diagnosis, 1 year post-diagnosis, or 2 years post-diagnosis. Hoffman and colleagues 
(14) analyzed the HRQOL responses of 293 men from the New Mexico compo- 
nent of the PCOS cohort and compared them to 618 healthy controls matched on 
age and ethnicity. The unique characteristic of the PCOS cohort in general and the 
New Mexico component specifically is that the study is population-based (mean- 
ing that all men in a geographic region who had the disease were included in the 
study regardless of where they received treatment, minimizing selection bias) and 
that the study is the longest and largest longitudinal study of its kind, making it a 
singular resource for addressing questions regarding quality of life in prostate can- 
cer. In the New Mexico study, the PCOS researchers found that the prostate cancer 
patients reported significantly better baseline urinary control and less urinary bother. 
No significant differences were noted in the sexual or bowel domains at baseline. 
Similarly, Bacon et al. (10) compared general HRQOL in 783 men with incident 
prostate cancer to 1,928 age-matched healthy controls. They found that the men 
with localized prostate cancer actually reported significantly better physical func- 
tion and less bodily pain (both p < 0.0002) than the healthy controls but had worse 
general health, vitality, social function, and role limitations due to physical and emo- 
tional problems (all p values < 0.004). The observation from the Hoffman (14) and 
Bacon (10) studies that men with newly diagnosed prostate cancer appear to have 
better baseline HRQOL in certain domains is likely due to a “healthy screenee” bias. 
In other words, healthier and more robust men are more likely to undergo prostate 
cancer screening, which results in these men having better baseline function than 
age-matched controls. This “healthy screenee” bias has also been observed in the 
SEER-Medicare dataset (15). Taken as a whole, these studies appear to indicate that 
a new diagnosis of prostate cancer does not appear to have a deleterious effect on 
disease-specific HRQOL. 

Although the results above seem to indicate otherwise, there are some authors 
who argue that sexual function may be impacted by diagnosis or to some extent 
be linked to the nature of the disease (9). These authors point to the results from 
a handful of comparison studies that indicate that men diagnosed with prostate 
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cancer and who opted for watchful waiting report reduced sexual function when 
compared to age-matched controls. In a comparison group design, Helgason et al. 
(16) assessed 342 men with prostate cancer and 314 health age-matched controls. 
The 139 men in the observation group reported more sexual dysfunction and more 
distress over this dysfunction than did the men in the control group. In the Litwin 
et al. (12) study, the observation group also reported lower sexual function than the 
age-matched controls. There are two points to bear in mind when considering these 
results. Firstly, patients who elect observation often have more co-morbid disease 
(17). Neither of these studies controlled for co-morbidities and, therefore, selec- 
tion bias may be responsible for the findings. The other point to remember when 
considering these reports is that the time since diagnosis of the observation groups 
ranged from 2 to 5 years suggesting that these symptoms may be related to disease 
sequela as opposed to a reaction to diagnosis (9). Given these points, it is likely 
that the diagnosis of prostate cancer itself has little or no effect on disease-specific 
HRQOL. 

In terms of the generic HRQOL domains, there is no evidence that the diagno- 
sis of prostate cancer affects these domains. In the studies previously cited, there 
were no differences found in the generic domains of the SF-36 in men diagnosed 
with prostate cancer when compared to age-matched controls. In fact, it appears 
that the various prostate cancer treatments have little effect on long-term generic 
HRQOL outcomes either. Penson et al. (18) studied 2,693 men newly diagnosed 
with localized prostate cancer in the PCOS cohort who had baseline (diagnosis) 
and 2-year HRQOL data. No differences in 2-year general HRQOL outcomes were 
noted among the various treatments for localized prostate cancer. Potosky et al. (19) 
observed similar findings at 5 years. In the 2-year study, Penson et al. (18) noted 
that men with sexual and urinary dysfunctions had significantly worse outcomes 
in the bodily pain, mental health, role limitation, vitality, and overall health status 
domains of general HRQOL, when controlling for baseline function, treatment and 
27 other co-variates, indicating that impotence and incontinence negatively impact 
HRQOL. This underscores the need to understand the incidence of erectile dysfunc- 
tion following prostate cancer treatment and its effect on HRQOL. We will explore 
this further later in this chapter. 


3 The Psychological Effect of a New Prostate Cancer Diagnosis 


Although the diagnosis of prostate cancer itself does not appear to directly affect 
generic HRQOL, this is not to say it has no effect at all. In fact, the diagnosis of 
prostate cancer likely has a significant effect on the psychological functioning of 
the patient, which in turn will affect quality of life. It may be that generic HRQOL 
instruments, such as the SF-36 (20) or the FACT-G (21) simply are not precise 
enough to capture this impact. To this end, other more psychologically oriented 
instruments may be more useful for measuring this effect. 
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There is little doubt that the diagnosis of cancer may bring with it significant 
distress (22,23). The number of cancer patients who report clinically significant dis- 
tress has been estimated to range from 34 to 46% (22). An elevation in distress and 
anxiety is considered normal and expected as patients and their families attempt to 
understand the diagnosis and consider options for treatment. In general, the trajec- 
tory is such that this distress peaks at diagnosis and treatment decision, and then for 
many patients, tends to dissipate to normal or subthreshold levels as patients and 
their families accommodate to the cancer diagnosis and treatment implications (24). 
This is especially true for patients diagnosed with treatable disease, and specifically 
demonstrated in studies of men with early stage prostate cancer (24-28). 

When men with prostate cancer do experience distress, the literature suggests that 
these men primarily manifest their distress in anxiety and depression with the focus 
primarily on anxiety. For example, in a study of 121 both early and late prostate 
cancer patients who were on average 4 years post-diagnosis, Roth and colleagues 
(29) found that 33% of these men scored at or above the anxiety cut-off score of the 
Hospital Anxiety and Depression Scale (HADS) (30), while a lower (although still 
clinically elevated) 15% of men scored at or above the cut-off score for depression 
on the HADS. These results are confirmed in another cross-sectional study con- 
ducted by Balderson and Towell (37) who surveyed 94 men in the United Kingdom 
with various stages of prostate cancer. These men were on average 2-3 years post- 
diagnosis. These researchers found that overall 38% of the men were experiencing 
distress as measured by the HADS, and this sample exhibited a higher mean anxi- 
ety score (7.17) as compared to a mean depression score (5.09). These results have 
directed the research investigating the psychological impact of prostate cancer to 
focus more closely on anxiety as opposed to depression. 

Over the past 10 years, a handful of studies have assessed distress and anxiety at 
diagnosis, providing preliminary evidence of the impact of prostate cancer diagno- 
sis on the psychological state of the patient. Nordin et al. (32) assessed 118 Swedish 
prostate cancer patients with the Hospital Anxiety and Depression Scale. At diag- 
nosis, 12% of the patients reported scores at or above the cut-off for anxiety and the 
same percentage scored significantly for depression. As expected, these rates were 
higher for those diagnosed with advanced disease as compared to localized disease. 
Of those diagnosed with advanced disease, 18% reported anxiety and 15% reported 
depressive symptoms. This is in contrast to localized disease where 9% reported 
anxiety and 10% reported depression. In a study of 88 men with newly diagnosed 
clinically localized prostate cancer, Bisson et al. (33) reported that 22% of men had 
meaningful levels of anxiety as measured with the HADS, and 5% reported signif- 
icant depressive symptoms. In a recent study, Korfage et al. (27) studied 299 men 
with newly diagnosed localized prostate cancer from the Netherlands. These men 
were assessed with the state subscale of the State Trait Anxiety Inventory. The use 
of this scale confirmed the high rates of anxiety reported with the HADS in previ- 
ous studies as 28% of men reported scores of anxiety above the cut-off score of the 
STAI-state. 

Although none of these studies assessed men before the diagnosis of prostate can- 
cer, these rates of distress and anxiety are generally considered elevated and indicate 
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that the diagnosis of prostate cancer increases distress in these men. This conclu- 
sion is supported by a recent article published by Korfage et al. (26) who assessed 
3,800 men pre-screening with the mental health subscale of the SF-36 Quality of 
Life measure. The authors then followed these men longitudinally and 52 men were 
diagnosed with prostate cancer as a result of the screening. These researchers re- 
administered the questionnaire to these 52 diagnosed men before initial treatment 
and then 6 months following treatment. The SF-36 mental health subscale does 
not produce “caseness” (i.e., the percentage of men scoring above a cut-off), but 
these authors did find a significant decrease in men’s mental health scores (indi- 
cating a decline in mental health functioning) from the pre-screening assessment 
to the assessment just before initial treatment. This scale specifically assesses men- 
tal health items such as feeling nervous, down, and depressed. At the assessment 
6 months after treatment, the mental health scores had elevated to the point of no 
significant difference between baseline scores as compared to the 6-month follow- 
up score. In summary, while there appears to be little long-term psychological effect 
of prostate cancer in men with localized disease, patients not surprisingly experience 
significant psychological distress and anxiety in the period immediately following 
diagnosis. 


4 The Effect of Post-treatment Sexual Dysfunction 
on Quality of Life 


Sexual dysfunction can occur after all treatments for prostate cancer usually as a 
result of nerve or vascular injury (in the case of surgery or radiation) or endocrino- 
logic abnormalities (following hormone ablation therapy). Although numerous dif- 
ferent forms of sexual dysfunction can occur following treatment, including erectile 
dysfunction, ejaculatory dysfunction, and libido disturbances, we will focus primar- 
ily on erectile dysfunction (ED), as it is the best studied of the sexual dysfunctions 
that occur after treatment for prostate cancer. Given the earlier observation from the 
PCOS study that erectile dysfunction is independently associated with worse generic 
HRQOL 2 years following the diagnosis of prostate cancer (18), it is important to 
understand the incidence of dysfunction and its effect on disease-specific HRQOL 
after each commonly used therapy for prostate cancer. 


4.1 Radical Prostatectomy 


Impotence occurs fairly commonly after radical prostatectomy (34). Erectile dys- 
function following surgery rates are likely related to a number of factors, including 
pre-operative function (35), stage of the cancer (36), age of health of the patient 
(35), and potentially the operating surgeon (37). To this end, while reports from 
single high-volume centers likely represent optimal outcomes, it is better to review 


24 D.F. Penson and C.J. Nelson 


data from multi-center studies and population-based projects. To date, the largest 
population-based report of longitudinal outcomes following radical prostatectomy 
comes from the PCOS (38). Penson et al. (39) studied outcomes in the 1,213 men in 
PCOS who underwent radical prostatectomy for localized prostate cancer and were 
followed for 5 years. At baseline, 81% of patients reported erections firm enough 
for intercourse. This high-baseline potency rate is likely due to a combination of 
factors, including a “healthy screenee” bias and selection bias, as sicker men are 
less likely to be offered surgery. Six months following diagnosis (and surgery), only 
9% of patients report erections firm enough for intercourse. This improved to 17% 
at 12 months, 22% at 2 years and 28% at 5 years. It is interesting to consider the 
proportion of patients reporting that their sexual dysfunction was a moderate to big 
problem in this study. At baseline, 20% of patients reported that their sexual dys- 
function was a moderate to big problem, corresponding nicely to a 19% ED rate. 
At 6 months, 70% report that it was a moderate to big problem, which is less than 
the 91% who report that their erections were not firm enough for intercourse. While 
the degree of ED improved somewhat at years 1, 2, and 5, it is interesting to note 
that the amount of bother that the dysfunction caused improves with time. At 12 
months, 61% stated it was a moderate to big problem; at 24 months, 54%, and at 60 
months, 46%. This underscores the fact that function and bother do not correlate in 
the sexual domains in prostate cancer patients. 

Other authors have noted a similar relationship between sexual function and 
bother following radical prostatectomy. Bates et al. (40) assessed HRQOL in 83 
men who underwent radical retropubic prostatectomy using the ICS-male question- 
naire. Of the 74 men who reported pre-operative potency, 44 (59%) were completely 
impotent. However, 45% of these impotent men reported that this was not a problem 
and 20% reported it was only a “bit of a problem.” It should be noted that this find- 
ing is not limited to the post-prostatectomy setting. In a study of 528 men, including 
214 men with localized prostate cancer who underwent either surgery, radiotherapy, 
or watchful waiting, and 273 controls, level of sexual function was compared to 
degree of bother experienced (12). Although there was reasonable correlation (90% 
of men with good or very good sexual function experienced none, or very little 
bother, while 78% with poor or very poor sexual function experienced great bother 
from their condition), there were still a considerable number of patients in whom 
function and bother did not agree. 

It is interesting to consider why some patients experience significant erectile dys- 
function yet report little or no bother from their condition. One possible explana- 
tion for the discordance between function and bother in prostate cancer patients is 
the psychological ability for patients to “rationalize away” their ED by reassuring 
themselves that they are “cured” of cancer. To explore this hypothesis, Penson and 
colleagues (41) compared HRQOL outcomes in 121 men without prostate cancer 
who had ED to 47 men with ED with a history of prostate cancer and its treat- 
ment. The prostate cancer group reported significantly worse sexual self-efficacy, 
erectile function, intercourse satisfaction, and orgasmic function than impotent men 
without prostate cancer. However, the impotent prostate cancer survivors reported 
significantly less psychological impact of erectile dysfunction on both sexual 
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experience and emotional life than impotent men without prostate cancer. These 
findings appear to support the hypothesis that the psychological relief of knowing 
that one’s prostate cancer has been successfully treated may mitigate the deleterious 
HRQOL effects of erectile dysfunction. All of these studies underscore the need to 
approach each patient individually, as each patient experiences sexual dysfunction 
in a profoundly personal manner, and treatment plans need to be designed around 
patients’ psychological needs and clinical expectations. 

The studies above do not specifically address the effectiveness of nerve-sparing 
in maintaining sexual function. To explore the effect of the nerve-sparing RP tech- 
nique on quality of life outcomes, Talcott et al. (42) compared 28 men who under- 
went non-nerve-sparing RP to 66 men who underwent either unilateral or bilateral 
nerve-sparing surgery at a single institution. They found that men who underwent 
any type of nerve-sparing procedure had worse sexual function than had been pre- 
viously reported. Furthermore, they noted no statistically significant differences in 
sexual functioning between the nerve-sparing and non-nerve-sparing groups. This 
study, however, reports a single center experience and may not be representative 
of what occurs in other centers or in the community at large. In the PCOS study 
mentioned above, a limited analysis was performed to assess the effectiveness of 
nerve-sparing (39). Men who underwent bilateral nerve-sparing surgery were more 
likely to report erections firm enough for intercourse at 60 months (40%) than those 
who underwent unilateral nerve-sparing (23%) or non-nerve-sparing (23%) surgery 
(p = 0.01). The effectiveness of nerve-sparing was closely associated with age at 
the time of surgery (p < 0.001). In a report from CaPSURE, Litwin et al. (43) com- 
pared longitudinal HRQOL in 218 men who underwent nerve-sparing RP with 124 
men who underwent the non-nerve-sparing technique. They found that the patients 
who underwent nerve-sparing surgery had significantly better sexual function than 
those who had non-nerve-sparing surgery at 6, 12, and 18 months following treat- 
ment, although the overall level of sexual function was low for both groups. These 
two studies confirm that nerve-sparing surgery appears to positively impact sexual 
outcomes. 

Finally, numerous randomized clinical trials have documented the effectiveness 
of phosphodiesterase type-5 inhibitors (PDE5i) in aiding erectile function following 
bilateral and unilateral nerve-sparing radical prostatectomies (44). As this is dis- 
cussed elsewhere in this book, we will not go into great detail in the current chapter. 
However, it is interesting to contrast the findings of these randomized clinical trials 
to a large population-based cohort of men who elected to try sildenafil as part of 
routine clinical care. In randomized, blinded trials from the Cleveland Clinic, for 
example, 72% of patients who underwent bilateral nerve-sparing radical prostatec- 
tomy reported erections firm enough for vaginal penetration (44). This population 
represents a group of highly motivated and selected men who had their surgery at 
a high-volume center that is known for superior results. In the general community, 
where patients’ expectations may not be appropriate and where the quality of the 
surgery may not be as high, the results are not as encouraging. In the 520 men from 
the PCOS cohort who underwent radical prostatectomy and tried sildenafil and were 
followed for 5 years, only 45% reported that the drug helped a lot or somewhat. The 
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amount that the drug helped was closely related to the patient’s age, with 63% of 
men under the age of 55 years, 59% of men aged 55-60 years, 30% of men aged 
60-64 years, 40% of men aged 65-70 years, and 32% of men over the age of 
70 years reporting it helped a lot or somewhat (45). In summary, oral PDESi appear 
to be effective in aiding erectile function in men after radical prostatectomy, but 
probably to a lesser degree than what has been reported in clinical trials. 

In summary, it is incumbent upon providers to help patients set reasonable expec- 
tations regarding erectile function after surgery. Specifically, it can take 1—2 years 
for functional erections to return. In addition, while oral agents are effective in 
restoring erectile function, they may be less effective than has been reported in ran- 
domized clinical trials, particularly in older patients. With proper counseling, it is 
likely that the negative effect of sexual dysfunction on HRQOL following surgery 
for prostate cancer can be minimizing. 


4.2 External Beam Radiotherapy 


Sexual dysfunction can occur following both external beam radiotherapy and inter- 
stitial brachytherapy (seeds), presumably due to radiation injury to the neurovas- 
cular bundles adjacent to the prostate, arterial inflow conduits, and erectile tissue. 
Because the basic techniques of external beam radiotherapy have been in use for 
decades, there is considerably more information regarding sexual dysfunction and 
HRQOL after XRT. Mantz et al. (46) studied 287 men with localized prostate cancer 
who underwent conformal EBRT. They noted actuarial potency rates of 96, 75, 59, 
and 53% at 1, 20, 40, and 60 months after therapy. 

It is interesting to note that, similar to the situation following surgery, the effect 
of sexual dysfunction on quality of life is highly individualized. Reddy et al. (47) 
noted that 79% of patients who were potent prior to radiotherapy reported that the 
treatment qualitatively reduced their ability to obtain an erection. Despite this, 91% 
of patients were satisfied with their treatment, demonstrating that sexual dysfunction 
and satisfaction with therapy do not correlate. Helgason et al. (48) studied 53 men 
who had undergone external beam radiotherapy for localized prostate cancer and 
noted that 77% reported diminished sexual desire, 34% reported erections insuffi- 
cient for intercourse, and 77% of men reported some loss of stiffness. However, only 
50% of men reported that their overall quality of life had decreased much or very 
much as a direct result of their decrease in erectile function. Other researchers have 
also found that sexual dysfunction has less of an effect on quality of life following 
external beam radiotherapy. Caffo et al. (49) showed that, although 44% of men 
had significant sexual dysfunction following external beam radiotherapy, general 
quality of life, measured as physical, psychological, and relational well-being, all 
remained good. 

In summary, erectile dysfunction also occurs commonly after external beam 
radiotherapy, although based on the currently available literature, perhaps to a some- 
what lesser extent than in surgical patients. However, like surgical patients, function 
and bother do not always correlate and many patients who experience sexual dys- 
function following external beam radiotherapy do not report concordant bother. 
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4.3 Interstitial Brachytherapy (Seeds) 


Although data related to brachytherapy are relatively immature and are limited by 
short follow-up, it appears that this treatment may also effect erectile function and 
disease-specific HRQOL. Initial reports indicated that IB had minimal effect on 
sexual function. Arterberry et al. (50) reported that 87% of 35 patients who were 
potent pre-treatment maintained their potency 6 months following treatment. How- 
ever, this study had relatively small numbers of patients and limited follow-up. In 
a study directly comparing outcomes between men undergoing surgery and IB and 
age-matched controls, Brandeis et al. (52) found that, at 3-17 months following 
treatment, sexual function in the IB group was significantly worse than in age- 
matched controls. There were no significant differences between the surgical and 
brachytherapy groups in the sexual domains. Recent reports from the CaPSURE 
database indicate that, while sexual function 3-4 years after seed implantation is 
significantly better than similar patients undergoing surgery or external beam radio- 
therapy, there is a still a significant decline in sexual function in the seeds group 
from baseline. In addition, although there are significant differences in sexual func- 
tion between the three groups at 4 years after therapy, there are no differences in 
bother (52). 


5 The Psychological Effect of Post-treatment Sexual 
Dysfunction 


In addition to the HRQOL implications discussed above, it is also important to 
consider the psychological impact of struggling with erectile dysfunction. In con- 
trast to the research on coping with the diagnosis of prostate cancer, which has 
focused primarily on anxiety, the literature describing the psychological impact of 
ED concentrates on depression. Although little, if any, data exist on the association 
between erectile dysfunction and depression specifically in men with prostate can- 
cer, it is clear from studies conducted in other settings that there is a relationship 
between these two variables. Shabsigh and colleagues (53) studied 120 with ED 
and/or benign prostatic hyperplasia (BPH). This study grouped men in three cate- 
gories: 48 men with ED only, 34 men with BPH only, and 18 men with both ED 
and BPH. The average age of the men in the study was approximately 56 years old, 
and depressive symptoms were measured with the Beck Depression Inventory (BDI) 
(54). These researchers found a remarkably high rate of depressive symptoms (56%) 
in the ED only group and the ED plus BPH group. This rate of 56% was significantly 
higher than the 21% of subjects who reported depressive symptoms in the BPH 
only group. These results are supported by two population-based studies that have 
also researched the association between depression and erectile dysfunction. Araujo 
et al. (55) presented data on 1,700 subjects from the Massachusetts Male Aging 
Study, a large, population-based study of the men from the greater Boston area. The 
men in the study ranged in age from 40 to 70 years old. In this study, the researchers 
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measured ED with a single, self-report question and depression with the Center 
for Epidemiological Studies Depression Scale (CES-D) (56). After controlling for 
variables such as age, health status, and medication use, depressive symptoms were 
clearly and significantly associated with ED (OR 1.8). Very similar results were 
reported by Nicolosi et al. (57) in a population-based study of 1,800 subjects from 
Brazil, Japan, and Malaysia. These subjects also ranged in age from 40 to 70 years 
old, and ED was measured with a single, self-report question while depression was 
assessed with the CES-D. These researchers also found a significant association 
between depressive symptoms and erectile dysfunction (OR 1.7). 

A difficult aspect in studying this association is trying to determine which vari- 
able comes first. Does depression cause ED, or does ED cause depression? Shiri and 
colleagues (58) have suggested that it is a bidirectional relationship. These authors 
reported results from the large, population-based, longitudinal study conducted in 
Finland. The 1,680 subjects in this study ranged in age from 50 to 70 years. ED was 
assessed with two self-report questions and depression was measured by the 5-item 
Mental Health Inventory (59). In this study, the incidence of depression was higher 
in those men who had ED as compared to men without ED (p < 0.01). Likewise, 
the incidence of ED was higher in men who reported depression than those who did 
not report depression (p < 0.05). The authors point to these results as evidence of a 
bidirectional relationship between erectile dysfunction and depression. 

There are few, if any, studies that have researched this question in men with 
prostate cancer. Clinical experience certainly supports that the association between 
ED and depression exists in men treated for prostate cancer. Interestingly, there 
may be reason to believe men treated for prostate cancer will cope more effec- 
tively with erectile dysfunction as compared to men without prostate cancer. Penson 
et al. (41) provide preliminary evidence for this in their study discussed above. These 
authors suggest that men treated for prostate cancer may be able to place their ED in 
perspective in relation to the importance of dealing with their cancer. Additionally, 
many healthy men who experience ED often blame themselves; thinking that a lack 
of “manliness” is at fault for the loss of erections. Although many men treated for 
prostate cancer feel less like a “man” if they experience ED, they do not have the 
added psychological burden of blaming themselves for the loss of erections. The 
treatment clearly impacts erectile functioning and these men may possibly adjust 
more effectively to erectile dysfunction as a result. 


6 Conclusions 


Quality of life is an important concern for men with prostate cancer. The effect of 
this disease and the side-effects of its treatment on health-related quality of life in 
prostate cancer survivors cannot be understated. The literature indicates that, while 
the majority of men with prostate cancer do not experience significant declines in 
generic HRQOL directly due to the disease, a new diagnosis often causes signifi- 
cant psychological distress and anxiety, which can transiently have negative effects 
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on HRQOL. While there are numerous side-effects of treatment which can affect 
HRQOL, sexual dysfunction, specifically erectile dysfunction, is among the most 
studied. While this condition is common after all therapies for prostate cancer, its 
HRQOL impact varies from patient to patient, based upon age, personal expectation, 
and the individual’s psychological coping mechanisms. As healthcare providers, it 
is important that we be aware of the potential HRQOL impact of sexual dysfunction 
in prostate cancer survivors and attempt to make effective interventions to improve 
outcomes in these patients. 
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Abstract Prostate cancer is the most common solid tumor in adult men, with an 
estimated 230,000 new cases diagnosed in the USA in 2006. There is a greater con- 
cern for quality of life after prostate cancer treatment due to the younger age of 
diagnosis and increased survival rate. One goal of radical prostatectomy surgery is 
to limit any further impairment of erectile function. We examine the current under- 
standing of the pathophysiology of ED following radical prostatectomy. 

During erection, parasympathetic tone dominates and a number of molecular 
pathways mediate a decrease in intracellular Ca, corporal smooth muscle relaxation, 
increased penile arterial inflow, and tumescence. Nitric oxide (NO) is generally 
agreed upon as the principle neurotransmitter involved in initiating and maintain- 
ing penile smooth muscle relaxation, and thus erection. It is clear that the extent to 
which the cavernous nerves are salvaged or damaged during radical prostatectomy 
is directly proportional to a patient’s degree of postoperative ED. An emerging con- 
cept in the field of erectile dysfunction is penile homeostasis. In order for an erection 
to occur, the complex and unique sinusoidal morphology of the corpora cavernosa 
must be maintained. New light has been shed on this process with the identifica- 
tion and investigation of the morphogenic protein Sonic hedgehog (SHH), along 


From: Current Clinical Urology Series, Sexual Function in the Prostate Cancer Patient 33 
Edited by John P. Mulhall, DOI 10.1007/978-1-60327-555-2_3, 
© Humana Press, a part of Springer Science+Business Media, LLC 2009 


34 J. Modder et al. 


with its downstream targets Patched 1 (PTCH1), Hox, bone morphogenetic proteins 
(BMPs), vascular endothelial growth factor (VEGF), and NOS. 

It is believed that chronic hypoxia and denervation of erectile tissue following 
radical prostatectomy result in permanent ED via apoptosis of smooth muscle cells, 
deposition of collagen (scar), and penile fibrosis. Hypoxia also causes an increase 
in release of potent vasoconstrictor molecules such as endothelin-1, a pro-fibrotic 
peptide, with synthesis. 

Active investigation continues in the fields of penile homeostasis, the patho- 
physiology of ED, control of inflammation and fibrosis, prevention or limitation of 
smooth muscle apoptosis, and neural regenerative strategies influenced by TGF-B1. 


Keywords Erectile dysfunction; prostate cancer; nitric oxide synthase; nerve- 
sparing radical prostatectomy. 


1 Epidemiology of Prostate Cancer and Erectile Dysfunction 


Prostate cancer is the most common solid tumor in adult men, with an estimated 
230,000 new cases diagnosed in the USA in 2006 (1). It is also the second leading 
cause of cancer death in American men, resulting in an estimated 27,000 deaths 
during the same calendar year (1). Due to PSA screening, we have seen both an 
age and stage migration of prostate cancer, with a growing incidence of localized 
disease diagnosed in younger patients. 

There is a greater concern for quality of life after prostate cancer treatment 
due to the younger age of diagnosis and increased survival rate. Radical prostatec- 
tomy results in erectile dysfunction (ED) in 30-87% of patients (2-5), and although 
potency improves over time, sexual dysfunction is still common 5 years after surgery 
(6,7). Survey studies of men electing treatment for localized prostate cancer reveal 
that quality of life is a primary concern in 45% of participants (8), and ED caused by 
radical prostatectomy is associated with lowered self-esteem, self-image, and qual- 
ity of life (9). The Prostate Cancer Outcomes Study recorded that impaired sexual 
function is a “moderate” or “great” problem in 46% of patients following surgery 
(6). Another study showed that partners are also impacted, with up to 60% of female 
partners having lower sexual function scores (10). It is clear that ED is a significant 
concern in this patient population, and requires further study to determine underly- 
ing causes and potential new therapies. 

Many patients with prostate cancer at baseline harbor existing ED risk factors, 
and preoperative potency status helps predict risk of postoperative ED (11). Erec- 
tile function also correlates with a number of other parameters, including patient 
age, increased BMI, diabetes, hypertension, atherosclerosis, hypercholesterolemia, 
smoking, and cardiovascular disease (12). In general, the penis can be considered 
an extension of the vascular tree; erections are a neurovascular phenomenon, and 
all of these clinical conditions impact upon neurovascular status. One example of 
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this is age, shown to be an independent risk factor for ED. The Prostate Cancer Out- 
comes Study reported that 61% of men aged 39-54 had erections firm enough for 
intercourse following bilateral nerve-sparing prostatectomy, compared with 49% of 
men aged 55-59, 44% of men aged 60—64, and only 18% of men aged 65 years or 
greater (6). 

One goal of radical prostatectomy surgery is to limit any further impairment 
of erectile function. This chapter will examine our current understanding of the 
pathophysiology of ED following radical prostatectomy, and will discuss avenues 
of research that may lead to the development of new treatment options in the future. 


2 Penile Anatomy and Physiology 


Three simultaneous and integrated processes occur during normal erection: 


1. Neurologically mediated increase in penile arterial inflow 
2. Cavernosal smooth muscle relaxation 
3. Restriction of venous outflow from the penis 


ED following radical prostatectomy can be attributed to an alteration in any one or 
all of these processes. In order to understand how morphology and physiology of the 
penis is altered by prostatectomy resulting in ED, it is first necessary to have a good 
understanding of the normal anatomy, development, and physiology of the penis at 
both the histologic and molecular levels. A brief description of these processes is 
outlined below. 


2.1 Morphology of the Penis 


The paired erectile bodies of the penis, the corpora cavernosa, consist of irregularly 
shaped endothelium-lined vascular spaces (sinusoids) separated by trabeculae made 
up of smooth muscle, collagen, elastin, and loose areolar tissue containing arte- 
rioles and nerves (13). The paired corpora cavernosa and the corpus spongiosum 
(housing the urethra) are surrounded by the tunica albuginea, a bilayered fibrous 
sheath composed mostly of collagenous fibers which are relaxed in the flaccid state 
and stretched during tumescence (14). Each individual sinus is made up of a sin- 
gle layer of vascular endothelium surrounded by multiple layers of smooth muscle 
interspersed with collagen and fibroblasts (Fig. 1). 


2.2 Vascular Anatomy of the Penis 


The arterial supply to the penis consists of the paired dorsal penile arteries, the 
cavernous arteries, and the bulbourethral arteries. These are distal branches of the 
internal pudendal arteries, which run within Alcock’s canal, anatomically positioned 
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Fig. 1 (Left) Cross-sectional view of the penis. (Right) Electron microscopic scan showing a single 
corpora cavernosal sinus (3000x magnification) 
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Fig. 2 Arterial, venous, and neural anatomy of the penis 


such that there is little risk of injury during pelvic surgery. The cavernous arteries 
give off multiple tortuous branches (the helicine arteries), which empty into the 
sinusoidal spaces and are primarily responsible for the increase in penile blood flow 
during tumescence (Fig. 2). 

An accessory pudendal artery may also be present. A detailed anatomic study 
of ten male cadavers by Breza et al. revealed an accessory pudendal artery to be 
present in seven of the ten dissections (15). These branches originated from the 
obturator, inferior vesical, and superior vesical arteries, and traveled along the infe- 
rior bladder and anterolateral surface of the prostate, areas susceptible to surgical 
injury. Seventy percent of these accessory arteries fed the corpora cavernosa. This 
suggests that patients in whom these vessels are dominant or who have diseased pri- 
mary pudendal arteries would experience the greatest loss of erectile function due to 
their damage in the course of prostatectomy (15). Confirming the work of McVary 
et al. (16), Mulhall and colleagues identified arterial insufficiency in 59% of men 
with ED following bilateral nerve-sparing radical prostatectomy, all of whom had 
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excellent preoperative erectile function (17). Analysis of a single surgeon database 
in 2004 showed that preservation of an accessory pudendal artery was associated 
with a significant increase in potency rates and decrease in time to recovery of 
spontaneous erections (18). Potency rates were not increased when the vascular 
pedicle was not identified at the time of surgery. The authors concluded that preser- 
vation of the accessory pudendal artery, if identified, might favorably influence 
sexual function. 

Three sets of veins drain the penis: the subcutaneous superficial veins, the inter- 
mediate system including the deep dorsal and circumflex veins, and the deep system 
including the cavernous and crural veins (19). The corpora cavernosa drain through 
tiny venules leading from the peripheral sinusoids to the subtunical venular plexus. 
These form emissary veins which drain into the deep dorsal and circumflex veins 
(intermediate system) distally, and the cavernous and crural veins (deep system), 
proximally (Fig. 2). The venous drainage of the penis is important because histo- 
logic changes following prostatectomy can impair the ability of the penis to limit 
venous outflow, a necessary step in achieving and maintaining an erection. 


2.3 Neural Innervation of the Penis 


Erections are mediated primarily by the autonomic nervous system, with sympa- 
thetic tone predominating in the flaccid state and parasympathetic tone mediating 
the erect state (20). The sympathetic innervation of the penis arises from the T10 
to L2 spinal cord segments. Pre-ganglionic fibers pass to the paravertebral chain 
ganglia and synapse with post-ganglionic fibers in the pre-aortic plexus. The post- 
ganglionic fibers then travel to the pelvic plexus where they intermingle with pre- 
ganglionic parasympathetic fibers from the S2-4 spinal cord segments (termed the 
pelvic nerve or nervi erigentes) (21). The penile sympathetic and parasympathetic 
fibers form a bundle called the cavernous nerve (CN), which is located posterolateral 
to the seminal vesicle and prostate. The CN pierces the urogenital diaphragm lateral 
to the membranous urethra at the 3 and 9 o’clock positions (27). The CN then enters 
the corpus cavernosum at the hilum of the penis, piercing the tunica albuginea to 
innervate the helicine arteries and erectile tissue (Fig. 2). Interruption of innervation 
or injury to these neural pathways will result in ED. 

Neural impulses mediate erections using a number of different pathways, which 
include sympathetic (inhibit norepinephrine release), parasympathetic (release nitric 
oxide and acetylcholine), and somatic (release acetylcholine) nerves. Cerebral 
impulses produce a “psychogenic” erection (one arising from the brain). In addi- 
tion, the interplay of these neural pathways in the spinal cord results in a number 
of spinal reflex loops, each elicited according to the nature and intensity of geni- 
tal stimulation, which can produce a “reflexogenic” erection (not mediated by the 
brain). These different mechanisms of erection are not mutually exclusive; instead, 
they serve to modulate one another. The innervation of the penis is critical to exam- 
ine when discussing the development of ED following radical prostatectomy. 
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3 Molecular Signaling of Erections 
3.1 NO/NOS 


3.1.1 Normal Signaling 


During erection, parasympathetic tone dominates and a number of molecular path- 
ways mediate a decrease in intracellular Ca, corporal smooth muscle relaxation, 
increased penile arterial inflow, and tumescence. Nitric oxide (NO) is generally 
agreed upon as the principle neurotransmitter involved in initiating and maintaining 
penile smooth muscle relaxation, and thus erection. It is released from the nonadren- 
ergic/noncholinergic (NANC) parasympathetic nerve terminals of the CNs, as well 
as from the endothelium in response to a stimulus (e.g., sexual arousal via genital 
stimulation or erogenous thought). NO diffuses into smooth muscle cells, activates 
soluble guanylyl cyclase and produces cGMP, leading to a relaxation of cavernous 
smooth muscle cells (22-28). This results in increased penile arterial blood flow, 
trapping of the blood by expanding corporal sinusoids, compression of the subtu- 
nical venular plexus and the emissary veins (restricting venous outflow), increased 
intracavernous pressure, and erection. 

Nitric oxide synthase (NOS) is the enzyme that catalyzes the production of 
NO from its precursor L-arginine, and exists as three separate isoforms. These are 
NOS-1 (neuronal or nNOS), NOS-2 (inducible or iNOS), and NOS-3 (endothelial 
or eNOS). nNOS and eNOS have been shown to be essential for erection to occur 
(29). nNOS is localized and expressed primarily in NANC neuronal cells (30). Its 
activity is Ca** dependent (31) and is thought to be regulated by a number of pro- 
teins including protein inhibitor of NOS (PIN) and NMDA (32,33). It has been 
shown that nNOS is responsible for the acute increase in NO production and sig- 
naling which initiates penile smooth muscle relaxation (34-36). eNOS is abundant 
in endothelium and epithelial tissue (37,38). Like nNOS, eNOS is acutely regulated 
in a Ca/calmodulin-dependent fashion (31). However, it is constitutively activated 
by shear stress (i.e., increased penile arterial blood flow) via Akt-dependent phos- 
phorylation (35), and VEGF via a Ca-independent pathway to provide a sustained 
release of NO (39-41). The integration of nNOS and eNOS presents a mechanism 
for both the initiation and maintenance of the NO-mediated erection. 

New evidence suggests that eNOS may also be important in penile homeostasis. 
We know that eNOS is non-transiently phosphorylated and activated on a continual 
basis by vasoactive and growth factors, and the constitutive release of NO from 
eNOS represents a possible mechanism for protection from oxidative stress and the 
preservation of erectile tissue integrity (29,35,41). 

As opposed to nNOS and eNOS, iNOS does not appear to be involved in the 
physiological process of smooth muscle relaxation in the corpora cavernosa (42). In 
fact increased iNOS which occurs with aging may lead to ED as a result of hypotha- 
lamic neuronal damage (32), and to reduction of penile smooth muscle abun- 
dance through apoptosis (32). However, recent studies indicate that iNOS may have 
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anti-fibrotic (and thus cytoprotective) properties at certain sites in the penis, includ- 
ing the tunica albuginea (32,42—45) and blood vessels (32). It is known that low lev- 
els of NO may stimulate collagen synthesis during normal wound healing (46,47). 
Yet increased expression of iNOS as seen in the aging corpus cavernosum should 
result in higher and persistent levels of NO, eventually counteracting the exces- 
sive collagen deposition of abnormal wound healing (43). This could occur by a 
number of different mechanisms, including direct inhibition of collagen synthesis 
by opposing pro-fibrotic factors (reactive oxygen species, TGF-B1), inhibition of 
the differentiation of fibroblasts and smooth muscle cells, or stimulation of collagen 
breakdown via activation of metalloproteinases (42). iNOS has been localized in the 
lining of the corpora cavernosal sinusoidal tissue and the urethra (37,48,49). More 
studies are needed to determine any potential function of iNOS in the development 
of ED. 


3.1.2 NO/NOS after RRP 
Non-nerve-Sparing RRP 


NO signaling as a result of NOS neural stimulation is a critical component of the 
normal erectile process (50); it is clear that the extent to which the CNs are sal- 
vaged or damaged during radical prostatectomy is directly proportional to a patient’s 
degree of postoperative ED. Models of bilateral CN injury are associated with high 
rates of permanent impotence (34). An analysis of the expression of the different 
NOS isoforms in bilateral CN injured rats revealed that the splice variant nNOS-Ib 
RNA expression was significantly decreased at 7 days following CN injury but not at 
14 and 21 days post-resection. However, nNOS protein was significantly decreased 
between 7 and 21 days following CN injury in the penis (34). Neither iNOS nor 
eNOS RNA or protein was altered following CN injury, indicating that these iso- 
forms are not able to compensate for the decrease in nNOS (34). Decreased smooth 
muscle and endothelium were observed 21 days after CN injury (34), which may 
contribute to the observed ED following prostatectomy. These results directly link 
cavernous nerve injury and loss of nNOS/NO signaling with ED following radical 
prostatectomy. In addition, the reduced vasodilation and blood flow resulting from 
decreased nNOS will result in decreased eNOS activation accomplished via shear 
stress, and further deplete NO signaling within the penis. 


Bilateral Nerve-Sparing RRP 


Haffner and colleagues reported that men undergoing bilateral nerve-sparing radi- 
cal prostatectomy had greater postoperative sexual function scores and were more 
likely to return to baseline sexual function than men who underwent unilateral 
or non-nerve-sparing procedures (51). In one study of 129 men undergoing rad- 
ical prostatectomy for prostate cancer, the 46 patients who had a nerve-sparing 
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procedure had significantly higher postoperative erectile function scores than the 
83 patients who had a non-nerve-sparing procedure (52). In another series of 3,477 
men with prostate cancer who were treated by radical prostatectomy, 76% of those 
who were potent preoperatively and underwent a bilateral nerve-sparing procedure 
were also potent postoperatively, compared with 53% of men who underwent a uni- 
lateral nerve-sparing procedure (53). 

Although erectile function (as determined by IEF scores and sexual satisfac- 
tion surveys) is clearly the best after bilateral CN-sparing procedures, it does not 
approach 100%, even in men with normal preoperative erections. This has been 
attributed to neuropraxia or axonotmesis, as a result of thermal injury, ischemia, and 
mechanical stretching of the CNs during surgery. These are considered as class I or 
II nerve injuries according to the Sunderland classification, and are associated with a 
conduction block (54). The nerves are capable of healing, however, and many men 
who are impotent immediately following surgery regain their erections over time 
(6,7). Even if the nerve-sparing technique is meticulously employed, the CNs may 
be functionally inactive for a period of 6-24 months, with a mean time of 18 months 
to recovery of maximal erectile function (55-57). 


Unilateral Nerve-Sparing RRP 


Whereas a bilateral CN-sparing procedure is superior for preservation of erectile 
function, it has been demonstrated that salvage of one neurovascular bundle is some- 
times sufficient and may allow for some degree of neural regeneration (58). Studies 
in a rodent model of unilateral CN injury revealed upregulation of both nNOS and 
eNOS proteins, along with the recovery of erectile function (59). Another study in 
rats showed neural regeneration on the cut side 3 months after unilateral CN resec- 
tion. This was not observed in bilateral CN injury, where ED remained permanent 
(38,60). This is supported clinically in humans by the recovery of erectile function 
over time following CN-sparing procedures (6,7). 


3.2 Smooth Muscle/Myosin—Actin/Calcium/Rho-Kinase 


The degree of tumescence or detumescence at any given time is determined by the 
balance between sympathetic and parasympathetic tone in the smooth muscle of 
the penis (20). Most of the time sympathetic tone dominates, resulting in smooth 
muscle contraction and penile flaccidity (61). Norepinephrine released from sym- 
pathetic nerve endings (62,63), as well as endothelins (64,65) and prostaglandin 
F2-alpha (66,67) from the endothelium activate receptors on smooth muscle cells. 
This initiates a cascade of molecular signaling which leads to an increase in intracel- 
lular levels of calcium (Ca). Ca binds to calmodulin, activating myosin light chain 
(MLC) kinase which phosphorylates MLC. The phosphorylated MLC then interacts 
with alpha-actin leading to cycling of myosin cross-bridges (heads) and develop- 
ment of force (Fig. 3). It is believed that other molecules are involved in modulating 
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Fig. 3 Cascade of molecular signaling in smooth muscle contraction. SR = sarcoplasmic reticulum, 
IP3 = inositol triphosphate, DAG = diacylglycerol, PL-C = phospholipase C, NO = nitric oxide, 
AC = adenylate cyclase, GC = guanylyl cyclase, MLCK = myosin light chain kinase 


the contractile state. For example, the protein caldesmon may create a latch state, 
allowing the force of contraction to be maintained at a low level of myosin phospho- 
rylation with low energy expenditure (68). Only a small amount of penile arterial 
blood flow occurs in the flaccid state. 

The exact mechanism by which cGMP elicits smooth muscle relaxation remains 
uncertain but is the subject of much study. The commonly accepted pathway 
involves activation of potassium channels by cGMP and cGMP-specific protein 
kinase [as well as by NO itself (69)], leading to hyperpolarization and closure of 
voltage-dependent Ca channels (70,71). This elicits a decrease in intracellular Ca, 
the dissociation of calmodulin from MLC kinase, its phosphorylation and inacti- 
vation, the subsequent dephosphorylation of myosin (by MLC phosphatase), and 
detachment from actin (70). 

A second potential mechanism under consideration involves inhibition of the 
RhoA/Rho-kinase pathway by cGMP-specific protein kinase (72-75). Recent work 
has identified RhoA, a small G-protein, and its downstream target Rho-kinase as 
possible mediators of the alpha-adrenergic (norepinephrine) and endothelial (ET-1) 
triggered smooth muscle contraction in the penile corpora (76-78). This is thought 
to occur by way of Rho-kinase inhibition of MLC phosphatase. MLC phosphatase 
de-phosphorylates MLC, stopping MLC from interacting with alpha-actin, and pro- 
moting smooth muscle relaxation and erection (Fig. 4). Inhibition of MLC phos- 
phatase by Rho-kinase means there will be more active (phosphorylated) MLC 
available at the same level of MLC kinase activity (without requiring an increase 
in cytosolic Ca), effectively “sensitizing” the smooth muscle, and so contributes 
to the tonic phase of agonist-induced penile smooth muscle contraction and flac- 
cidity (79-81). In human endothelial cells, the RhoA/Rho-kinase pathway was 
found to inhibit the Akt-dependent phosphorylation and activation of eNOS (82). 
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Fig. 4 The role of Rho-kinase site of action in smooth muscle relaxation 


Thus an abnormally upregulated RhoA/Rho-kinase pathway could contribute to 
ED, and inhibition of this pathway presents a potential avenue for ED treatment 
development (83). 

cAMP is another second messenger involved in smooth muscle relaxation, and 
its cascade of molecular signaling is similar to that of cGMP. It involves the acti- 
vation of cAMP-specific protein kinases, phosphorylation of proteins and ion chan- 
nels, and an eventual drop in cytosolic free Ca. A number of studies, however, have 
suggested that cGMP is a more potent smooth muscle relaxant than cAMP, and a 
study in knockout mice revealed cGMP to be the main physiologic signal for erec- 
tion, which cannot be compensated by the cAMP pathway (84). Prostaglandin E-1 
(PGE- 1) activates adenylate cyclase in smooth muscle cells which generates cAMP. 
It is clear that smooth muscle physiology is a central component of erectile function, 
and any process that disrupts smooth muscle abundance or proper functioning can 
result in ED. 


3.3 SHH and the Penis 


An emerging concept in the field of erectile dysfunction is penile homeostasis. In 
order for an erection to occur, the complex and unique sinusoidal morphology of 
the corpora cavernosa must be maintained. New light has been shed on this process 
with the identification and investigation of the morphogenic protein Sonic hedge- 
hog (SHH), along with its downstream targets Patched 1 (PTCH1), Hox, bone 
morphogenetic proteins (BMPs), vascular endothelial growth factor (VEGF), and 
NOS. SHH is a critical regulator of a conserved pathway of mesenchymal-epithelial 
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signaling which establishes symmetry, regulates proliferation, and specifies tissue 
identity (85,86) of a number of diverse organ systems during embryogenesis. These 
include the CNS, eyes, axial skeleton and limbs, lungs, liver, gut, and prostate 
(87-91). SHH also remains active after birth in some organs to regulate post- 
natal differentiation and homeostasis of adult tissue morphology, including the 
penis (92-95). 

SHH exists in a number of forms due to post-transcriptional modification, and is 
detected in both the cells that produce it as well as in target tissue (96-99). Although 
the exact mechanism of SHH signaling in the penis remains to be elucidated, studies 
from other organs suggest a potential mechanism. SHH binding to PTCH1 relieves a 
PTCH1-mediated repression of Smoothened (Smo), a seven transmembrane protein. 
Smo then initiates a signaling cascade, activating targets including the Gli family 
of transcription factors, BMP4 (which has a negative effect on growth), and Hox 
genes (positive growth effectors) (100) (Fig. 5). Some long-range effects of SHH 
are thought to be caused by induction of secondary signals including PTCH1, Hox, 
BMP4, NOS, and VEGFA, a potent angiogenic growth factor (94,101-103). 

The essential role of Shh during penile embryogenesis has been shown in murine 
experiments, where dynamic expression of Shh and its targets was observed during 
genital tubercle outgrowth and differentiation (104). The complete absence of exter- 
nal genitalia is observed in mice with targeted deletions of Shh or double knockouts 
of Hoxd-13 and Hoxa-13 (105,106). The penis is unique in that it undergoes most of 
its differentiation in the period after birth, with postnatal differentiation of erectile 
tissue containing both lacunae and trabeculae occurring approximately 1 week after 
birth (107). Androgen secretion starts to increase at 4 weeks of age, and cavernous 
tissue resembles the adult configuration by postnatal day 40. Shh is expressed in the 
rat penis throughout postnatal differentiation, as well as in the adult, with expres- 
sion restricted to areas required for erection to occur (95). SHH function is crucial 
for establishing and maintaining corpora cavernosal morphology. Inhibition of SHH 
function during postnatal development and in the adult organ results in significantly 
increased apoptosis in penile smooth muscle and loss of sinusoidal morphology 
(95,108). These morphological changes are so severe that they affect the physiol- 
ogy of the tissue and cause ED (95). Podlasek et al. have recently shown that these 
effects are reversible, with sinusoidal morphology being partially re-established 4 


PTCH1, HOX, VEGFA, NOS 


Fig. 5 The SHH signaling pathway 
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weeks after SHH inhibition and completely re-established by 6 weeks following 
inhibition (108). These results suggest the potential of SHH to be developed into a 
therapy to treat morphology changes in the penis that accompany ED. 

CN injury causes apoptosis (108—110) and significantly decreased SHH protein 
(108). Significantly increased apoptosis was identified primarily in cavernosal smooth 
muscle of the Sprague Dawley bilateral CN cut rat model, which was assayed by 
TUNEL andelectron microscopic analyses (108). SHH inhibition in the corpora caver- 
nosa (5E1 SHH inhibitor) caused a very similar increase in smooth muscle apoptosis in 
the penis (108). This result is supported by previous observations of increased apopto- 
sis and decreased SHH protein in another model of neuropathy, the BB/WOR diabetic 
rat (111). Since SHH inhibition is a cause of smooth muscle apoptosis in the penis and 
SHH protein is significantly decreased in both the Sprague Dawley CN injury model 
and the BB/WOR diabetic model of neuropathy, this suggests that decreased SHH 
protein may play a role in the induction of apoptosis that occurs following neuropa- 
thy/CN injury and which leads to ED. Studies by User et al. showed the time course 
of apoptosis in the penis that occurs following bilateral CN resection (109). Apopto- 
sis was most abundant in the first week following CN injury, but remained elevated 
above baseline at 21 days post-injury (108,109). If the apoptosis that occurs following 
CN injury/prostatectomy could be suppressed while the CN regenerates, this would 
lead to preservation of penile morphology, prevention of fibrosis, and resumption of 
normal erectile function more quickly. 

A recent study examined if SHH protein treatment could prevent smooth muscle 
apoptosis in the penile corpora cavernosa that occurs with CN injury. This study was 
based on the hypothesis that decreased SHH protein is a cause of ED in neurolog- 
ical models of impotence by increasing apoptosis in penile smooth muscle, which 
leads to morphological changes within the corpora cavernosa sinusoidal tissue, and 
thus ED. SHH protein was soaked in Affi-Gel beads (delivery vehicle), which were 
injected into the corpora cavernosa at the time of CN cut surgery. TUNEL assay 
was then performed at 2, 4, and 8 days following CN surgery/SHH treatment (108). 
At 2 days there was no significant change in the level of apoptosis, however, at 
4 days following CN injury/SHH treatment there was a significant decrease in apop- 
tosis in the presence of SHH protein of 1.3-fold [Fig. 6, (108)]. When double the 
concentration of SHH protein was used in the experiment the level of apoptosis was 
further suppressed by 2.5-fold [Fig. 6, (108)]. At 8 days following CN injury/SHH 
treatment, apoptosis was further decreased in the presence of SHH protein by 3-fold 
[Fig. 6, (108)]. These results are significant in that they show that SHH treatment 
at the time of CN injury was able to suppress/prevent CN injury-induced apoptosis, 
and suggests that SHH has significant potential to be developed as a treatment to 
prevent smooth muscle apoptosis in the penis post-prostatectomy. 


3.4 Supporting Cast/Integration 


Other molecules have been implicated in effecting the erectile response. Acetyl- 
choline has been shown to contribute to penile erection by presynaptic inhibition 
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Fig. 6 The number of apoptotic cells/all cells at 2, 4, and 8 days following CN injury and SHH 
treatment. Apoptosis was significantly decreased by 1.3-fold at 4 days following CN injury/SHH 
treatment. When double the concentration of SHH protein was used in the experiment the level of 
apoptosis was further suppressed by 2.5-fold. At 8 days following CN injury/SHH treatment, apop- 
tosis was further decreased in the presence of SHH protein by 3-fold. These results show that SHH 
treatment at the time of CN injury was able to suppress/prevent CN injury-induced apoptosis. P = 
PBS control, S = SHH-treated, H = heat-inactivated SHH control. Asterisk indicates significant 
differences in apoptosis/all cells 


of adrenergic neurons (112) as well as stimulation of the release of NO from 
endothelial cells (113). Vasoactive intestinal polypeptide (VIP) induces smooth 
muscle relaxation, and is thought to be mediated by NO (114). Co-localization of 
acetylcholine, VIP, and nNOS in parasympathetic neurons suggests a role for VIP 
in erectile function and implies a co-operative and synergistic induction of erection 
(115). These biochemical signals require future study to determine potential func- 
tion in ED development following prostatectomy. 


4 Long-Term ED 


ED following radical prostatectomy appears to have two phases with separate yet 
related causes. The first, or immediate phase, has been attributed to a lack of NO 
signaling from injured or stressed CNs. It may also be due in part to compromise of 
the cavernosal arterial blood supply (ligation of accessory pudendal arteries). The 
second, or long-term phase, is due to the multiple pathophysiologic consequences 
resulting from nerve injury and vascular dysfunction. 


4.1 Hypoxia 


One end result of the derangements in these biochemical and physiologic pathways 
is chronic penile tissue hypoxia. During erection the oxygen tension in the penis 
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rises by 250% (30 mm Hg flaccid and 100 mm Hg erect), and in men with intact 
CNs nocturnal erections provide as much as 3 h of regular oxygenation of penile 
tissue per day. As mentioned previously, even when a nerve-sparing procedure is 
performed the mean time to recovery of maximal erectile function is 18 months due 
to neuropraxia of the CNs. The lack of these nocturnal (as well as daytime) erec- 
tions following radical prostatectomy decreases or eliminates the period of daily 
oxygenation and results in a persistent state of penile hypoxemia, which may con- 
tribute to penile fibrosis (176). It has been shown that there is a decrease in the 
oxygen tension of cavernosal blood in patients with ED due to arterial insufficiency 
as compared to those with psychogenic ED (117). Compounding the problem, Kim 
et al. showed that the NO-mediated relaxation of smooth muscle is limited under 
conditions of reduced oxygen tension, regardless of the integrity of the CNs and 
endothelium (118). Therefore penile hypoxia may contribute to ED both by inhibit- 
ing molecular signaling as well as effecting permanent morphologic changes. 


4.2 Ultra-structural End Organ Changes and Long-Term ED 


It is believed that chronic hypoxia and denervation of erectile tissue following rad- 
ical prostatectomy result in permanent ED via apoptosis of smooth muscle cells, 
deposition of collagen (scar), and penile fibrosis (110,119,120). Prostaglandin E-1 
and 2 (PGE-1, PGE-2) formation is oxygen dependent, and an increase in oxygen 
tension is associated with elevation of PGE-1 and suppression of TGF-B1 — induced 
collagen synthesis in rabbit and human corpus cavernosum (121—123). Recall also 
that PGE-1 directly promotes smooth muscle relaxation via cAMP. A recent eval- 
uation of penile tissue in rats following bilateral CN incision revealed significant 
over-expression of hypoxia-related substances, including hypoxia-inducible factor- 
1 alpha (HIF-1A), transforming growth factor B1 (TGF-B1), and collagen 1 and 3 at 
3 months post-injury (124). Hypoxia also causes an increase in release of potent 
vasoconstrictor molecules such as endothelin-1, a pro-fibrotic peptide, with syn- 
thesis influenced by TGF-B1 (125). Iacono et al. performed corporal biopsies in 
men before and after prostatectomy, documenting diminished trabecular elastic and 
smooth muscle fibers, as well as significantly increased collagen content at 2 months 
post-surgery, with further deterioration at 12 months (126). Yet another study in 
rats showed reduced wet weight and DNA content of the denervated penis as com- 
pared to controls (109). Clinically this manifests as penile fibrotic changes (127) 
and reduced penile length and circumference (128,129). 

It seems reasonable that fibrotic erectile tissue will not expand as readily as nor- 
mal erectile tissue, and with decreased smooth muscle abundance due to apopto- 
sis the cavernosal sinusoids will not dilate and become engorged during arousal as 
well. Nehra et al. demonstrated that men with the lowest percentage of smooth mus- 
cle composition of the corpora required the highest flow to maintain erection on 
Doppler studies (130). Histologic analysis revealed that these men also had a rela- 
tive predominance of connective tissue. Another phenomenon occurs concomitantly, 
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which compounds the problem: venous leakage. The failure of the cavernosal bod- 
ies to expand combined with the loss of elastic fibers in the tunica albuginea results 
in loss of compression of the subtunical venular plexus and emissary veins; thus, 
venous leakage ensues. The degree of leakage worsens with time. Patients undergo- 
ing nerve-sparing radical prostatectomy were evaluated with penile Doppler ultra- 
sound or dynamic infusion cavernosometry after surgery, and were found to have 
a progressive increase in venous leakage from 14% at 4 months to 50% at over 12 
months (17). This study also showed worse prognosis for return of functional erec- 
tions in men with venous leakage (as compared to patients with ED and normal 
Doppler’s or isolated arterial insufficiency). This does present a limited opportu- 
nity for prevention, since a significant decrease in venous leakage was observed 
at 6 months postoperatively in patients following a promptly instituted vasoactive 
recovery program (131). 


5 Conclusions 


The causes of post-prostatectomy ED are multi-factorial since there are numerous 
pathways that converge to control normal erection with many complicated and inter- 
woven layers of feedback and regulation. We are likely just scratching the surface 
of discovery in this field; however, each new finding presents the potential for pre- 
vention and/or treatment of ED following radical prostatectomy. 

Active investigation continues in the fields of penile homeostasis, the patho- 
physiology of ED, control of inflammation and fibrosis, prevention or limitation 
of smooth muscle apoptosis, and neural regenerative strategies. In conclusion, we 
know that nerve-sparing radical prostatectomy is insufficient to prevent ED. The 
insult of surgery to the erectile mechanism occurs while in the operating room and 
sets off a cascade of derangements with irreversible loss of cavernosal smooth mus- 
cle. Current research by many investigators offers a wealth of possibilities for the 
development of new interventions to preserve normal erectile function and to treat 
ED as it develops in the future. 
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Abstract The development of erectile dysfunction (ED) after definitive prostate 
radiotherapy is multi-factorial in nature, and the major pathophysiologic injuries 
differ from those that affect patients after radical prostatectomy (RP). There is now 
compelling evidence that endothelial cell damage in nearby erectile tissue as a direct 
result of radiotherapy contributes significantly to the relatively delayed onset of 
post-treatment ED. Conversely, the injury to the neurovascular bundles that is cen- 
tral to the onset of ED after RP does not appear to be a major causative force in 
the setting of radiotherapy. Whether damage to the penile bulb contributes to the 
onset of radiation-associated impotence (RAI) is highly controversial and remains 
unclear. This review will examine the various functional and observational studies 
that have helped to highlight the injuries relevant to the development of RAI. 


Keywords Prostate radiation; brachytherapy; external beam radiotherapy; erectile 
dysfunction; vascular damage; penile bulb. 


1 Introduction 


Permanent erectile dysfunction (ED) after definitive prostate radiotherapy (RT) is a 
well-documented and significant source of post-treatment morbidity. The reported 
incidence of radiation-associated ED (RAED) after external beam irradiation or 
brachytherapy in previously potent patients has ranged from 15 to 60% (4-9). 
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Regardless of the treatment modality, the etiology of post-treatment ED is multi- 
factorial, making it more difficult to quantify accurately the rates of this phe- 
nomenon. 

Undoubtedly, the most significant predictors of RAED are pre-treatment potency, 
older age, and comorbid diseases (diabetes, vasculopathy, etc.). The use of neoad- 
juvant androgen deprivation likely increases the chance of RAED by approxi- 
mately 10% (10). When these confounding factors are controlled for, impotence 
after prostate cancer treatment appears to result from a combination of vascular, 
neurogenic, and structural injuries. The relative contributions of these mechanisms 
are measurably different after radiotherapy compared to the post-prostatectomy set- 
ting. One noticeable manifestation of this difference is the relative delay in onset of 
radiation-induced ED compared to the more sudden loss of function after RP (77). 
An outcomes study conducted by the National Cancer Institute reported continued 
decline in erectile function up to 5 years after prostate RT (12). 


2 Normal Physiology 


Normal erections require vasodilatation of penile arteries (arteriogenic component) 
and simultaneous relaxation of the corporal sinusoidal smooth muscle (cavernosal 
component), with resultant venous compression and entrapment of blood. A quick 
review of anatomy will find the paired corpora cavernosa arising proximally as two 
crura before merging just below the pubic arch to lend support to the central corpus 
spongiosum (Fig. 1). The corpora cavernosa consist of interconnected sinusoids sep- 
arated by smooth muscle trabeculae; together, the smooth muscle of the trabeculae 
and the arterial and arteriolar walls form the penile erectile tissue. 


Superficial and deep dorsal vein 
Dorsal artery 
Fascicles of dorsal nerve 


Skin 


ree Erectile tissue 
, Tunica albuginea: 
peop tia s) Outer longitudinal layer 
Inner circular layer 
Corpus spongiosum 


Fig. 1 Cross sectional anatomy of the penis 
From Walsh: Campbell’s Urology, 8th Ed., Copyright ©2002 Saunders (1). 
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Fig. 2 Neuroanatomy of the penis 
From Walsh: Campbell’s Urology, 8th Ed., Copyright ©2002 Saunders (J). 


Cavernosal smooth muscle is moderately contracted in the flaccid state and 
becomes relaxed after sexual stimulation. Parasympathetic stimulation of the cav- 
ernous nerve (part of the neurovascular bundle) leads to alpha-adrenergic recep- 
tor blockade and subsequent smooth muscle relaxation (Fig. 2). Increased arterial 
and arteriolar inflow results in dilatation and expansion of the sinusoidal space. 
The venule plexuses are sandwiched between the distended sinusoids and the non- 
compliant tunica albuginea, resulting in entrapment of the incoming blood. The 
subsequent rise in intracavernous pressure and contraction of the ischiocavernosus 
muscles lead to the rigid erectile state. 

The internal pudendal artery is the main blood supplier to the penis, with acces- 
sory arteries often existing, as well (Fig. 3). The internal pudendal artery becomes 
the common penile artery, which further divides into three branches: the cavernous, 
dorsal, and bulbourethral arteries. The cavernous artery is responsible for cavernosal 
engorgement. It enters proximally where the crura merge and gives off numerous 
helicine arteries that supply the cavernosa trabeculae and sinusoids as it courses 
toward the glans. The dorsal artery is responsible for glans engorgement, and the 
bulbourethral artery supplies the bulb of the penis and spongiosum. 

In reviewing the structures responsible for normal physiologic erectile function, 
one can identify the areas at risk for radiation injury that may contribute to the 
development of erectile dysfunction. The bilateral neurovascular bundles run pos- 
terolaterally along the prostate (Fig. 4). Located therein are the cavernous nerves 
responsible for delivering the parasympathetic input for smooth muscle relaxation. 
Therefore, injury to the NVB could predictably affect erectile function. Injury to 
the arteries and/or trabeculae of the corpora or the proximal crura would also be 


58 V.J. Croog and M.J. Zelefsky 


int. Pudendal a. 


Bulbar a. 


Circumflex cavernosal a Q 


Fig. 3 Arterial supply of the penis 
From Walsh: Campbell’s Urology, 8th Ed., Copyright ©2002 Saunders (1). 


predicted to affect erectile function preservation. On the other hand, the spongio- 
sum and its proximal penile bulb play no role in the normal physiology of erections 
and one would not predict that injury to these structures would affect potency (Fig. 5). 


3 Mechanisms of Injury After Prostate Irradiation 
3.1 Vasculogenic Mechanisms 


It is now recognized that vascular injury is a central mechanism of radiation- 
associated ED (13). Endothelial cells are perhaps the most radiation-sensitive ele- 
ment of mesenchymal origin, and capillaries, sinusoids, and small arteries are the 
most affected vascular components in the majority of tissues (13—16). Radiation- 
induced vasculopathy is both dose and time-dependent (15). Large vessel (arterial) 
injury requires doses of 20 Gy and above (17). In the current era of intensity- 
modulated radiotherapy (IMRT), most prostate cancer treatment delivers doses in 
excess of 75 Gy to the planned treatment volume (PTV), which by its nature includes 
a margin of nonprostatic tissue. Despite the rapid dose fall-off achieved with IMRT 
planning, the mean doses delivered to 50% of the penile bulb and proximal corpora 
cavernosa (Dso) are routinely in excess of 20 Gy. 
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Fig. 4 Location of the neurovascular bundles 
From Kiteley et al. (2). 
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Fig. 5 Location of the penile bulb (asterisk) on CT and MR images 
Wallner et al. (3) 
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Historically, doses below 12 Gy were considered less damaging since predom- 
inant vascular radiation effects at this dose occur at the microvascular level. How- 
ever, Verheij et al. have demonstrated deleterious endothelial cell changes even at 
doses below 1 Gy that could lead to microthrombus formation and luminal occlu- 
sion (18). Radiation-induced vasculopathy mediates acute and delayed radiation 
damages. Weeks to months following RT exposure, microvessel rupture can lead 
to arterial luminal occlusion (16). The delayed toxicity that arises months to years 
after radiation exposure is attributed to the process of endarteritis obliterans (19). 

The pathophysiology of radiation-induced arteriopathy has been elucidated in 
several elegant in vitro and animal models. Up-regulation of the endothelial cell 
adhesion molecule ICAM-1 has been demonstrated in mouse and human tissues 
in response to irradiation in a dose and time-dependent manner (20,21). Increased 
ICAM-1 expression leads to leukocyte infiltration into irradiated tissue, which even- 
tually leads to characteristic radiation-induced functional impairment. This effect is 
not limited to the acute setting; enduring ICAM-1 up-regulation has been demon- 
strated in murine pulmonary and bladder endothelial cells (22,23). 

In the case of prostate irradiation, the penile vascular and erectile tissues are 
in close proximity to the target volume. In particular, the prostatic apex normally 
comes within 5-30 mm of the penile bulb, depending on the thickness of the uro- 
genital diaphragm (24). Therefore, it is expected that the penile structures will be 
exposed to some dose (however small). In the era of smaller radiation field sizes 
made possible by IMRT, damage to the erectile vasculature can be somewhat cir- 
cumvented by allowing the development of collateral channels for blood flow; 
however, the potential for collateralization is limited by the fact that the cavernosal 
vasculature is an end-artery system (25). 

In clinical studies of penile vascular injury, arteriogenic function is assessed by 
peak penile blood flow measured by Doppler ultrasonography or dynamic infusion 
cavernosometry (DIC). Goldstein et al. published a case report on 23 patients under- 
going radiation treatment for management of prostate cancer (14). Of the 15 patients 
with intact erectile function prior to the initiation of RT, all 15 demonstrated abnor- 
mal penile Doppler ultrasonography following treatment. This finding coincided 
with subjective worsening of erectile function in all 15 men. Two patients were fur- 
ther assessed with penile arteriography, and this revealed occlusive disease within 
the radiation field involving the pudendal and penile arteries. 

A subsequent and larger study by Zelefsky et al. confirmed these findings (11). 
This analysis included 98 patients with new ED following definitive treatment of 
prostate cancer; 60 underwent prostatectomy and 38 had RT (external beam in 35 
and permanent I-125 seed implantation in 3). The bilateral cavernosal arteries were 
assessed by observing the changes in vessel diameter and pulsed Doppler peak 
flows before and after intracavernous injection of Prostaglandin E,. There was a 
statistically significant difference in the etiology of ED by treatment received, with 
63% of RT patients displaying pure arteriogenic dysfunction compared to 32% of 
RP patients (p = 0.002). The use of neoadjuvant androgen-deprivation therapy had 
no significant impact on the development of permanent ED (12 patients in the RT 
group, | in the RP group). 
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Recently, Mulhall et al. evaluated erectile hemodynamics in 16 patients with new 
onset ED after external beam RT (mean dose 72 Gy) (19). The time to hemodynamic 
testing was a mean of 11 months (95% CI 8—14 months). Arterial insufficiency was 
measured using cavernosal artery occlusion pressure (CAOP), namely the intracav- 
ernosal pressure at which occluded flow was demonstrated by the loss of a Doppler 
signal of the cavernosal artery. Among the 12 patients with assessable CAOP, all 
had significantly abnormal values indicative of arterial injury. 

Though previously under-reported in the pelvic radiation literature, dysfunction 
of the veno-occlusive mechanism necessary for normal erections is another likely 
etiology of RAED. Cavernosal dysfunction, or venous leak, was demonstrated in 
85% of the patients evaluated by Mulhall et al. (19). Zelefsky et al. demonstrated 
abnormal corpora cavernosa distensibility under normal penile peak blood flow in 
32% of patients treated with RT (11). Endothelial cell dysfunction may also be cen- 
tral to this mechanism of ED. 

The role of vasculogenic and endothelial cell injury in RAED is substantiated 
by the success of the phosphodiesterase type-5 (PDE-5) inhibitors in improving 
erectile function after prostate radiotherapy. Numerous studies have demonstrated 
that approximately two-thirds of men who develop ED after prostate radiotherapy 
will have improved erectile function that results from the use of PDE-5 inhibitors 
(26-31). The PDE-S inhibitors enhance the effect of nitric oxide under conditions of 
sexual stimulation. Nitric oxide is a vasoactive agent that is produced and released 
by the cavernous nerves and endothelial cells to modify the tone of adjacent smooth 
muscle (1). Increased nitric oxide is released during sexual stimulation leading to 
amplified levels of cyclic guanosine monophosphate (CGMP) in the corpus caver- 
nosum (32,33). The ensuing smooth muscle relaxation increases the blood inflow to 
the corpus cavernosum crucial for erections. 

Under normal physiologic conditions, cGMP is degraded by phosphodiesterase 
type-5 (PDE-5) to limit this sequence of events. The PDE-5 inhibitors block this 
degradation to enhance erectile function. Recently, the clinical efficacy of PDE-5 
inhibitors has been correlated with objective in vivo arterial responses. As men- 
tioned previously, Doppler ultrasound with intracavernosal injection of a vasoactive 
drug is considered the standard for establishing a diagnosis of vasculogenic ED. 
When this technique was used to assess post-occlusive changes in the diameter of 
cavernosal arteries with the administration of a PDE-5 inhibitor, objective improve- 
ments were mirrored by patients’ experiences of drug efficacy (34,35). This suggests 
that the effect of this class of drugs in patients with arteriogenic ED depends on the 
reversal of the impaired function of cavernosal endothelium. 


3.2 Neurogenic Mechanisms 


Though well-documented in the prostatectomy literature, neurovascular injury is 
thought to play only a minor role in RAED. Multiple studies have failed to demon- 
strate an association between dose delivered to the neurovascular bundles (NVB) 
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and RAI (2,11,14,36,37). Goldstein et al. evaluated bulbocavernous reflex latency 
and perineal electromyography and found post-radiotherapy neurologic assessments 
to be within normal limits (14). Likewise, Zelefsky et al. were able to demonstrate 
neurogenic dysfunction in only 3% of EBRT patients (compared to 12% of post- 
prostatectomy patients) (17). 

Merrick et al. retrospectively compared the radiation dose to the NVB in 54 men 
with or without post-radiation ED after brachytherapy (36). Average dose to the 
NVB was in excess of 200% of the prescription dose; 29 patients received addi- 
tional EBRT. They found no significant difference in NVB dose between the 21 
patients who maintained erectile function compared to the 33 who developed post- 
RT ED. Kiteley et al. similarly failed to show an association between NVB dose 
(as defined on CT) and the development of ED after brachytherapy when they com- 
pared 30 patients with RAED to 20 patients who maintained functional erections 
(2). Wright and colleagues also failed to find a relationship between dose to the 
neurovascular bundles (as defined on MRI) and potency in 41 patients treated with 
prostate brachytherapy (37). 


3.3 Structural Injury 


The penile bulb (PB) has been the most studied proximal penile structure in dis- 
cussions of RAED, and yet its role remains highly controversial (Fig. 5). While 
numerous studies support a dose—volume relationship for the PB and subsequent 
RAED, other analyses have shed doubt on this relationship, citing the uncertain and 
variable anatomic and radiographic definitions of the bulb and, perhaps more impor- 
tantly, the limited role the PB plays in the normal development and maintenance of 
erections (2,25,36,38—44). 

The first support for the role of the penile bulb in RAI came in 2001 from 
Fisch et al., who evaluated dose delivered to the penile bulb in 21 previously potent 
men treated with three-dimensional conformal radiotherapy (3D-CRT) for prostate 
cancer (39). Pre- and post-treatment erectile functions were based on patients’ 
responses on questionnaires, and not on objective measurement. The authors found 
that potency preservation was associated with a D7ọ < 40 Gy, and established the 
notion of dose-response for the penile bulb. 

Merrick and his colleagues subsequently published data in support of these find- 
ings in patients undergoing prostate brachytherapy (45). They looked at 23 previ- 
ously potent men who developed ED after prostate implant and matched them to 23 
similarly staged and treated men who maintained their erectile function. The penile 
bulb was retrospectively contoured on post-implant day 0 CT scans. They found that 
impotent patients received on average twice the dose to the penile bulb than their 
potent counterparts, and concluded that a target PB Dso of <50 Gy would maximize 
post-brachytherapy erectile function preservation. Merrick et al. next reported on 
dose to the bulb versus dose to the crura in 30 patients with post-brachytherapy ED 
and 30 potent patients matched by tumor and treatment parameters (46). Pre-implant 
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erectile function was assessed using a three-tiered system and post-implant func- 
tion was based on completion of the International Index of Erectile Function (IEF) 
questionnaire. Based on day 0 CT-defined dosimetry, the penile bulb Ds9 was the 
strongest predictor of post-implant ED, whereas the crura D25 merely approached 
statistical significance. Wernicke et al. used a questionnaire-based study to evaluate 
29 patients treated with external beam RT, and concluded that higher dose—volume 
parameters involving the penile bulb correlated with higher risk of post-RT impo- 
tence (44). 

Prospective support for this hypothesis comes from the RTOG 9406 Phase I/II 
dose-escalation study (42). For a subset of 158 patients who reported pre-treatment 
potency, a single, blinded observer contoured penile structures using Web-based 
software from a single Quality Assurance Center where all dosimetric calculations 
were performed. Post-radiotherapy ED was reported in 64 men, and the estimated 
incidence of ED at 5 years was significantly higher in men who received >52.5 Gy 
to the PB compared to those whose bulb received lower doses (50% vs. 25%, 
p = 0.048). A similar analysis based on patients enrolled in a Phase II dose- 
escalation study out of the UK supported these findings (41). Of the patients initially 
randomized on the dose-escalation protocol, only 51 (6%) patients met the inclusion 
criteria for this analysis. Based on this highly selected group, the authors defended 
a dose—volume effect between PB radiation and subsequent development of ED 
at 2 years. 

In contrast to the above studies, several groups have failed to substantiate an 
association between dose to the penile bulb and subsequent impotence. Kiteley 
et al. investigated this relationship in 50 men who underwent prostate brachytherapy 
(2). They used a questionnaire to evaluate erectile function status at various intervals 
and calculated dose to the PB on the basis of a 1-month post-implant CT scan. At a 
median follow-up of 34 months, there were no differences in the PB dosimetric vari- 
ables between the 20 patients who reported new ED and the 30 who maintained erec- 
tile function. A larger study out of Vancouver, Canada, also failed to demonstrate a 
relationship between dose to the PB after prostate brachytherapy and post-implant 
impotence (40). Erectile status was assessed independently by both the patient and 
the treating physician and collected in a prospective manner for the 226 patients 
included in this analysis. The penile bulb was contoured on a 1-month post-implant 
CT scan by two independent observers, and the mean PB Ds and Dos were 52.6 Gy 
and 26.0 Gy, respectively. The authors concluded that deliberate dose-sparing of the 
proximal penile structures during brachytherapy would provide no meaningful gain 
in potency preservation. Rather, they found the number of needles to be an indepen- 
dent predictor of ED, suggesting trauma to the crura during implantation as a more 
plausible contributor to RAED. Lastly, a group from M.D. Anderson Cancer Center 
could not substantiate a dose—volume effect of penile bulb dose on ED after three- 
dimensional conformal RT (43). Ten of the 28 potent patients who received 78 Gy 
and completed sexual function questionnaires reported new-onset ED at a median 
follow-up of 66 months. There were no differences in the dose—volume histograms 
calculated for the penile bulb (mean dose 42.2 Gy) between those who did and did 
not develop RAED. 
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Finally, Mulhall has argued against the involvement of the penile bulb in RAED, 
noting that the bulb lacks significant erectile tissue and plays no role in the physi- 
ology of normal penile erections (2,19,25,38,40,43). He and others have suggested 
that studies supporting the role of the penile bulb could be mistakenly using PB dose 
as a surrogate for injury to the more important flanking erectile tissue of the crura. 
Indeed, studies have demonstrated that similar doses are delivered to the bulb and 
the crura during RT (25-46). 


4 Conclusion 


The precise etiology of radiation-induced ED remains uncertain, and its develop- 
ment is likely the result of a multitude of factors. Various investigations in recent 
years suggest that vascular injury is a principal player, while the data supporting 
the roles of neurogenic damage or injury to the penile bulb have been far less per- 
suasive (see Table 1 for a summary of the studies reviewed above). In the future, 


Table 1 Summary of Important Studies 


Organ at risk Author Patient no. Endpoint Effect 
Arteries Goldstein et al. (14) 15 Doppler ultrasound and + 
arteriography 
Zelefsky and Eid (11) 98 Doppler ultrasound + 
Mulhall et al. (19) 16 Cavernosal artery occlusion + 
pressure 
Cavernosa Zelefsky and Eid (11) 98 Cavernosometry + 
(venocclusive 
parameters) 
Mulhall et al. (19) 16 Cavernosometry + 
(venocclusive 
parameters) 
NVB Goldstein et al. (14) 15 Bulbocavernous reflex, = 
perineal 
electromyography 
Zelefsky and Eid (11) 98 Erectile response to = 
prostaglandin injection 
Merrick et al. (45) 54 NVB dose = 
Kiteley et al. (2) 50 NVB dose = 
Wright et al. (37) 41 NVB dose = 
Penile bulb Fisch et al. (39) 21 Penile bulb dose + 
Merrick et al. (45) 46 Penile bulb dose + 
Wernicke et al. (44) 29 Penile bulb dose + 
Roach et al. (42) 158 Penile bulb dose + 
Mangar et al. (41) 51 Penile bulb dose + 
Kiteley et al. (2) 50 Penile bulb dose = 
MacDonald et al. (40) 226 Penile bulb dose = 


Selek et al. (47) 28 Penile bulb dose = 
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we hope that more prospective research that includes objective measurements of 
erectile function-related parameters will allow us to better understand this complex 
phenomenon. 
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Abstract Only a few decades ago, radical prostatectomy generally left patients 
impotent, but today, with the advent of nerve-sparing techniques, many patients can 
recover sexual function after surgery. We describe our contemporary technique for 
nerve-sparing during open radical prostatectomy. Key factors include the establish- 
ment of a bloodless surgical field prior to dissection of the neurovascular bundles, 
preservation of any accessory pudendal arteries, avoidance of electrocoagulation 
in proximity to the neurovascular bundles, and complete mobilization of the neu- 
rovascular bundles off the prostate prior to division of the urethra. Resection or 
partial resection of a neurovascular bundle may be warranted depending on the 
location of cancer. Estimates of the frequency of recovery of potency after nerve- 
sparing radical prostatectomy vary greatly, from 21 to 86% of patients. Recovery 
of potency can take up to 2 years after surgery and is more likely in patients who 
are younger, who were potent before surgery, and who had both neurovascular bun- 
dles preserved. Postoperative potency seems to be increased with the early use of 
phosphodiesterase-5 inhibitors and intracavernous injection therapy. Potential neu- 
roprotective agents, such as immunophilin ligands, are an area of active research. 


Keywords Prostate cancer; radical prostatectomy; nerve-sparing surgery; penile 
erection; accessory pudendal arteries; neurovascular bundles; surgical technique. 
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1 Introduction 


After local therapy for prostate cancer, the most favorable outcome that can be 
achieved is complete eradication of the cancer with full recovery of urinary, bowel, 
and sexual function. These goals of local therapy are inextricably linked, and at 
times improvements in the outcome of one may occur at the expense of the others. 
The technical challenge of local treatment for prostate cancer is to treat sufficient 
periprostatic tissue to achieve cure while at the same time preserving the neuromus- 
culature required for normal urinary and bowel function as well as the cavernosal 
nerves required for erectile function. 

Among the most complex operations performed by urologists, radical prostate- 
ctomy challenges surgeons because the results are highly sensitive to fine details 
in surgical technique. The elusive goals of modern radical prostatectomy are to 
remove the cancer completely with minimal blood loss, no serious intra- or peri- 
operative complications, and complete recovery of continence and potency. No sur- 
geon achieves such results uniformly. Before the 1980s, most patients permanently 
lost erectile function after radical prostatectomy. Clear definition of the periprostatic 
anatomy has allowed the evolvement of refined surgical techniques more respectful 
of the intricate neurovascular structures adjacent to the prostate. Nowadays, surgical 
techniques based on a more precise understanding of the periprostatic anatomy and 
of the autonomic innervation of the corpora cavernosa, allow preservation of sexual 
function in many men undergoing radical prostatectomy. The purpose of this chapter 
is to provide surgeons with details about one approach to this operation, focusing 
on the preservation of erectile function. We modify our approach frequently in a 
continual effort to improve patient outcomes. The technique described here is not 
the only successful approach; various other techniques work as well. We hope that 
the description of our approach will clarify the important anatomical and surgical 
principles and allow the reader to improve his or her own technique. 


2 Anatomical Considerations 


Much of our current understanding of the neurovascular anatomy of the prostate 
derives from detailed anatomical studies conducted during the 1980s in male fetuses 
and stillborn neonates, and later in adults (1—4). In a series of anatomical dissections, 
Walsh and associates determined the topographical relationship between the pelvic 
vasculature, pelvic nerve plexus, cavernous nerves, lateral pelvic fascia, Denonvil- 
liers’ fascia, prostate, urethra, and the urogenital diaphragm. These detailed studies 
formed the basis for our contemporary refined technique of nerve preservation dur- 
ing radical retropubic prostatectomy and cystoprostatectomy. 

Penile erection is a complex phenomenon, requiring interaction between neuro- 
logic, vascular, and psychologic factors. Erection is mediated primarily through an 
increase in arterial blood flow to the penis, arising from the two internal pudendal 
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arteries, the terminal branches of the hypogastric artery. Many men, however, have 
accessory pudendal arteries, which can originate from the external iliac, obturator, 
inferior vesical, or femoral arteries. These small accessory branches generally travel 
along the lateral aspect of the prostate and pierce the urogenital diaphragm in prox- 
imity to the urethra and the apex of the prostate (5). Because these vessels may be 
a dominant source of arterial blood supply to the corpus cavernosum, their avulsion 
or intentional sacrifice may result in postoperative erectile dysfunction (6). There- 
fore, provided that negative apical surgical margins can be assured, efforts should 
be made to preserve these small arterial branches when dividing the dorsal venous 
complex or transecting the urethra (Fig. 1). Preservation of these arteries will ensure 
a normal arterial inflow to the penis postoperatively. This may enable a patient to 
remain potent after surgery or, for a patient who is impotent, facilitate an adequate 
response to medical treatment (7). 

Innervation to the penis is both autonomic (sympathetic and parasympathetic) 
and somatic (sensory and motor). The somatic component is responsible for penile 
sensation and contraction of the bulbocavernosus and ischiocavernosus muscles dur- 
ing erection and ejaculation. Somatic nerve branches are delivered to the penis and 
pelvic muscles via the pudendal nerve, which leaves the pelvis through the greater 
sciatic foramen, crosses the spine of the ischium, and re-enters the pelvis through 
the lesser sciatic foramen to accompany the internal pudendal vessels along the 
ischiorectal fossa. Therefore, damage to these nerves during pelvic surgery is highly 
unlikely. 


Fig. 1 Right lateral accessory pudendal artery (APA) after removing the prostate 
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The autonomic component of penile innervation plays a critical role in initiating 
and maintaining the erection. In contrast to the somatic component, the autonomic 
component is highly susceptible to injury during radical prostatectomy. Autonomic 
innervation to the corpora cavernosa arises from the pelvic plexus, which is a net- 
work of nerves forming a rectangular plate situated in a sagittal plane beside the 
rectum. The pelvic plexus originates from two sources: (1) sympathetic fibers from 
the thoracolumbar center via the hypogastric nerve; and (2) parasympathetic fibers 
from the sacral center via the pelvic nerve (nervus erigentes). Efferent branches 
from the pelvic plexus to the corpora cavernosa are bundled together to generate 
the cavernous nerves. These microscopic nerve fibers are encased in a dense fibro- 
fatty tissue and are in constant association with the capsular arteries and veins of the 
prostate, forming the neurovascular bundle (NVB). The NVB travels along the pos- 
terolateral aspect of prostate and provides the visual marker that is used intraopera- 
tively to identify the efferent branches of the pelvic plexus to the corpora cavernosa. 
Distally, the cavernous nerves begin to approach the prostatic urethra, and at the 
apex of the prostate they are only a few millimeters away from the prostatic capsule 
at the 5 and 7 o’clock positions. Because the NVB travels outside the capsule of the 
prostate and outside Denonvilliers’ fascia, it is possible, if one assumes that a tumor 
is located completely intracapsularly, to avoid injury to the cavernous nerves and to 
preserve sexual function without compromising surgical extirpation of the cancer. 

Based upon these anatomical considerations, inadvertent injury to cavernous 
nerves can occur at one of three steps: (1) division of the lateral pedicle and dis- 
section of the seminal vesicles (jeopardizing the intactness of the cavernous nerves 
and the main pelvic plexus); (2) dissecting the prostate off the rectum; (3) apical 
dissection and transection of the urethra. 

While the autonomic component is highly vulnerable to damage during radical 
prostatectomy, the somatic component invariably remains intact. Therefore, even in 
the absence of an actual erection, postprostatectomy patients may still retain normal 
penile sensation and experience arousal and orgasms. 


3 Technique 


3.1 Initial Steps and Control of Bleeding 


Patient positioning, exposure of the prostate, and periprostatic tissues, division of the 
endopelvic fascia, and control of the dorsal venous complex have been described 
elsewhere (8). These initial aspects of radical prostatectomy are based on a clear 
understanding of periprostatic anatomy and provide a bloodless field in which to 
work. 

Bleeding from the transected dorsal venous complex is controlled by oversewing 
the cut edges of the lateral pelvic fascia vertically with a running suture (Fig. 2A), 
the last pass of which is brought through the periosteum of the pubis (Fig. 2B). 
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Fig. 2 Bleeding from the transected dorsal vein complex is controlled by oversewing the cut 
edges of the lateral pelvic fascia vertically with a continuous suture (A), the last pass of which 
is brought through the periosteum of the pubis (B) to compress the superficial venous complex 
above the lateral pelvic fascia and to fix the fascia to the periosteum, simulating the function of the 
puboprostatic ligaments. Back bleeding from the ventral prostate is controlled with clips or with a 
continuous hemostatic suture, taking care not to draw the neurovascular bundles medially (B) 


Back-bleeding from the ventral prostate is controlled with a continuous hemostatic 
suture (Fig. 2B). Care should be taken to avoid suturing laterally into the dorsal 
aspect of the prostate, resulting in drawing the NVB medially. The latter may dis- 
tort the anatomy of the NVB and hinder its subsequent release from the prostate. It 
is imperative to attain complete control of bleeding before initiating nerve preser- 
vation; with appropriate hemostasis, the surgeon should have a bloodless field to 
facilitate later steps in the procedure. 


3.2 Preservation of the Neurovascular Bundle (NVB) 


The surgeon can palpate and examine the course of the NVB in relation to the 
prostate and any palpable tumor. Additional information obtained from the diagnos- 
tic prostate biopsy and pre-operative imaging may serve to more accurately delin- 
eate cancers with extension into the capsule, for which preservation of the NVB may 
result in a positive margin and impaired cancer control. The prostate is rotated with 
a sponge stick and any remaining levator any muscle fibers are bluntly swept away. 
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Fig. 3 The lateral plane of dissection is selected based on preoperative and intraoperative assess- 
ment of the extent of the tumor. A wider dissection, i.e., partial or complete resection of the neu- 
rovascular bundle may be required in an attempt to obtain adequate surgical margins 


Frequently, a shallow groove along the lateral aspect of the prostate defines the supe- 
rior margin of dissection for the preservation of the NVB. A plane of division in the 
lateral prostatic fascia is then chosen to assure a negative surgical margin while at 
the same time preserving as much of the NVB as possible (Fig. 3). Once the plane of 
dissection has been selected, the lateral prostatic fascia is sharply incised. The NVB 
is most easily dissected away from the apical third of the prostate (Fig. 4A and B). 
If, however, apical cancer is suspected, initating the dissection at the mid-prostate 
may be safer. 

Small vascular branches from NVB to the prostate are carefuly defined, clipped, 
and divided. Avoidance of electrocoagulation, even in the presence of bleeding, is 
of paramount importance for maintaining the integrity of the nerves. In a recent 
canine study, Ong and colleagues demonstrated that use of monopolar and bipo- 
lar electrocautery as well as ultrasonic shears in proximity to the NVB is associ- 
ated with significantly decreased erectile response to cavernous nerve stimulation 
and with a higher incidence of histologic findings (fibrosis) suggestive of nerve 
injury (9). 

The NVB is then gently dissected and displaced laterally, working from the apex 
toward the base. This should be done with either a Kitner (peanut) dissector and/or a 
right-angled clamp. Finger dissection should be avoided on the NVB. These delicate 
nerve fibers require gentle dissection, which will likely increase operative time. To 
avoid any tension on the neurovascular tissue that might result from excessive trac- 
tion on the prostate, we prefer to release the entire NVB from the prostate (from the 
urethra to the seminal vesicle) before dividing the urethra and elevating the prostate 
out of the pelvis. 

Denonvilliers’ fascia is deliberately incised in the angle between the NVB and the 
prostate, completely releasing the NVB from the lateral aspect of the gland (Fig. 4C, 
D, and E). The risk of a positive surgical margin will be greatly reduced if this 
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Fig. 4 Preservation of left neurovascular bundle. After the dorsal vein complex has been divided 
the prostate is rotated to the right and the levator muscles are bluntly dissected away. The lateral 
pelvic fascia is then incised in the groove between the prostate and the neurovascular bundle. The 
neurovascular bundle is most easily dissected away from the apical third of the prostate (A, B). 
The small branches of the vascular pedicle to the apex must be divided. The posterior layer of 
Denonvilliers’ fascia is then incised, releasing the NVB from the prostate and urethra (C, E) so 
that the nerves will not be tethered when the urethral anastomotic sutures are tied 
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layer of fascia is included in the excised specimen. The appearance of perirectal 
fat emerging between the cut edges of this fascia will assure the surgeon that the 
layer has been incised completely. Special attention should be paid to avoid exces- 
sive lateral traction of the nerve while exposing and dissecting Denonvilliers’ fascia. 
Distally, the dissection of the NVB is carried for a distance of almost 1 cm beyond 
the prostatouretheral junction so that the nerves will not be tethered when the ure- 
thral anastomotic sutures are tied. Proximally, identification of the seminal vesicle 
after release of the NVB from the base of the prostate and division of the prostatic 
vascular pedicle will indicate complete mobilization of the NVB and prevent trac- 
tion injury to the nerve during the subsequent elevation and dissection of the prostate 
off the rectum. 


Vascular 
pedicle 


Fig. 5 Wide resection of the right neurovascular bundle (NVB). If preservation of the NVB 
compromises cancer control, all or part of the NVB must be resected. If the entire NVB is to 
be removed, dissection begins over the lateral rectal wall in the fat beneath the NVB (A). All tissue 
adjacent to the prostate is resected and left on the gland (B). The NVB is secured with clips or ties 
and divided distal to the apex of the prostate (C) 
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Should the cancer lie close to the NVB, all or part of the bundle should be 
resected to assure complete removal of the cancer (Figs. 3 and 5). A plane of dis- 
section is chosen laterally. If the entire bundle is to be resected, dissection begins 
over the lateral rectal wall in the fat beneath the NVB (Fig. 5A and B). The incision 
is extended distally and the NVB is secured with clips or ties and divided distal to 
the apex of the prostate (Fig. 5C). Alternatively, if extension of the cancer into the 
capsule is suspected, the NVB may be partially resected, leaving sufficient tissue 
on the prostate to ensure a negative surgical margin while preserving some of the 
autonomic fibers to the corpora cavernosa. Partial preservation/resection of the NVB 
often results in bleeding from the cut edge of the NVB. This must be accepted, as 
excessive clip placement or cauterization will only damage the tissues of the NVB. 
Once the NVB has been lateralized, more precise clip placement can secure appro- 
priate hemostasis with decreased risk of injury to the NVB. 

Following complete mobilization of both NVBs off the prostate from the peri- 
urethral area to the seminal vesicle, the anterior two-thirds of the urethra is divided, 
exposing a previously placed catheter. The first four anastomotic sutures are placed 
at the 9, 11, 1, and 3 o’clock positions (Fig. 6). The catheter is withdrawn, exposing 
the posterior urethra, and two additional sutures are placed at the 5 and 7 o’clock 
positions. Attention should be given to ensure that the NVBs are not inadvertently 
incorporated within the latter sutures. The previously made incisions in Denonvil- 
liers’ fascia are connected across the midline beneath the divided urethra. The plane 
of dissection above the perirectal fat but below Denonvilliers’ fascia is then devel- 
oped sharply and carried cephalad and caudal paralleling the mobilized NVB (Fig. 7). 
This dissection should be done sharply rather than bluntly to ensure that adequate 
periprostatic tissue is maintained around the posterior and posterolateral aspects 
of the gland. A catheter may be placed through the urethra to facilitate dissection. 


Fig. 6 Close-up views of urethra at the prostatic apex, illustrating the site of anterior division (A) 
and the placement of the anterior anastomotic sutures (B) beneath the mucosa of the uretha 
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Posterior layer of 
Denonvilliers’ 


fascia “i % 


Fig. 7 After the nerves have been dissected free the remaining urethra and posterior layer of 
Denonvilliers’ fascia beneath it are divided (A). The correct plane of dissection adjacent to the 
rectum is developed sharply after it has been identified with the aid of a Kittner dissector (B) 


4 Erectile Function After Nerve-Sparing Radical Prostatectomy 


Reported rates for the recovery of potency following radical prostatectomy vary 
widely. Outstanding postoperative potency rates of 62-86% have been reported 
(10-12), but these seem to be confined to centers of excellence. The success rate 
drops to 44% in a large retrospective survey of non-specialists (13) and falls to 
21% in single institutional prospective series assessing preoperative and postop- 
erative sexual function with validated questionnaires (14). Quinlan and associates 
found three factors associated with recovery of potency after radical prostatectomy: 
age, clinical and pathologic stage, and preservation of the neurovascular tissue (15). 
Approximately 90% of men younger than 50 were potent if either one or both 
neurovascular bundles were preserved. For men older than 50, return of potency 
was more likely if both neurovascular bundles were preserved rather than only 
one. Catalona et al. reported potency in 68% of patients when both nerves were 
preserved and 47% when one nerve was spared (11). They also demonstrated a 
strong correlation of preservation of potency with age. Rabbani and colleagues have 
developed a nomogram to predict the return of potency after radical prostatectomy 
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Table 1 Probability of Recovery of Potency by 24 and 36 Months After Radical Prostatectomy 
(12) (modified) 


Probability (%) of recovery of potency by 24 (36) months 


Preoperative potency Age < 60 Age 60.1—65 Age > 65 
Bilateral nerve-sparing 

Full erection 70 (76) 49 (55) 43 (49) 
Full erection, recently diminished 53 (59) 34 (39) 30 (35) 
Partial erection 43 (49) 27 (31) 23 (27) 
Unilateral or bilateral neurovascular bundle damage 

Full erection 60 (67) 40 (46) 35 (41) 
Full erection, recently diminished 44 (50) 28 (32) 24 (28) 
Partial erection 35 (40) 21 (25) 18 (21) 
Unilateral neurovascular bundle resection 

Full erection 26 (30) 15 (18) 13 (15) 
Full erection, recently diminished 17 (20) 10 (12) 8.5 (10) 
Partial erection 13 (15) 7.5 (8.8) 6.3 (7.5) 


based on a series of 314 previously potent patients treated since 1993 (12). Factors 
significantly associated with recovery of spontaneous erections satisfactory for 
intercourse included the age of the patient, the quality of erections before the opera- 
tion, and the degree of preservation of the neurovascular bundles. Time after surgery 
was also an important factor (Table 1). The median time to recovery of an Interna- 
tional Index of Erectile Function (HEF) score > 17 was 24 months, while 42 months 
was required to reach an IEF score > 26. 


5 Strategies to Improve Sexual Function after Radical 
Prostatectomy 


5.1 Early Use of Intracavernosal Agents 


Montorsi et al. prospectively assessed whether postoperative intracavernous injec- 
tions of alprostadil could increase the rate of recovery of spontaneous erectile func- 
tion after nerve-sparing radical prostatectomy (15). Thirty preoperatively potent 
patients who underwent bilateral NVB-preserving radical prostatectomy were ran- 
domized to alprostadil injections three times per week for 12 weeks or observa- 
tion without any treatment. At 6 months, 8 of 15 men (53%) receiving injections 
compared to 3 of 15 untreated men (20%) reported recovery of spontaneous erec- 
tions sufficient for satisfactory sexual intercourse. The investigators hypothesized 
that alprostadil injections improve cavernosal oxygenation, thus limiting hypoxia- 
induced tissue damage. 


80 O. Yossepowitch and J.A. Eastham 


5.2 Early Use of Phosphodiesterase-5 Inhibitors 


Padma-Nathan et al. assessed sildenafil citrate in 76 men with normal preoperative 
erectile function who underwent bilateral nerve-sparing radical prostatectomy (16). 
Patients were randomized to sildenafil citrate (50 mg, n = 23; 100 mg, n = 28) 
or placebo (n = 25). The drug was administered nightly, double-blind, from 4 to 
40 weeks after surgery. At 48 weeks after surgery, 14 of 51 (27%) men treated 
with sildenafil citrate but only 1 of the 25 (4%) in the placebo group had spon- 
taneous erectile function as assessed by nocturnal penile tumescence and rigid- 
ity testing. The investigators concluded that early postoperative treatment with a 
phosphodiesterase-5 inhibitor improves long-term recovery of erectile function, 
supporting the concept of early rehabilitation of erectile function. 


5.3 Perioperative Immunophilin Ligand Therapy 


Immunophilin ligands have demonstrated neuroprotective activity in several ani- 
mal models of nerve injury, including regeneration and/or functional recovery of 
sciatic, facial, and optic nerves (17,18). Histologically, axonal caliber and cross- 
sectional areas are significantly increased in animals with crushed nerves treated 
with immunophilin ligands compared to placebo. In addition, animals treated with 
placebo after nerve crush injury regained only 10% of their original myelination 
levels, while treated animals regained 30-40%. 

Recently, the potential role of the immunophilin ligand FK506 and the non- 
immunosuppressive FK506 derivative GPI-1046 has been investigated in a model 
of cavernous nerve injury (19). The recovery of erections was significantly greater 
in treated animals compared to animals receiving placebo. Immunohistochemical 
studies demonstrated that the immunophilin ligand-treated animals had preserved 
cavernosal tissue histology. The authors suggest that the neurotropic effects of these 
agents may decrease the extent of cavernosal nerve degeneration and improve the 
recovery of erectile function after radical prostatectomy. These agents are currently 
being evaluated in clinical trials to determine their potential to serve as neuropro- 
tective agents following radical prostatectomy. 
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Abstract The challenge of radical prostatectomy as a treatment of clinically local- 
ized prostate cancer lies in its goals. Achieving cancer control often competes with 
the preservation of sexual function. The introduction of minimally invasive tech- 
niques such as laparoscopic radical prostatectomy with or without robotic assistance 
in the last 10 years was associated with a remarkable interest in the urological com- 
munity. Such a rapid popularity of minimally invasive techniques is not supported by 
evidence demonstrating superiority over other existing surgical approaches. In fact, 
like the open radical prostatectomy literature, the laparoscopic and robotic-assisted 
laparoscopic radical prostatectomy literature reviewed in this chapter showed that a 
large experience with the technique has been accumulated but the subset of patients 
on whom the sexual function recovery is reported remain relatively small. The lit- 
erature also shows heterogeneity in the methodology of data acquisition, analysis, 
and interpretation. While prospective analyses at centers of excellence demonstrated 
equivalency of sexual function recovery between open and laparoscopic radical 
prostatectomies, the technique of radical prostatectomy regardless of the approach 
remains highly operator dependent. 


Keywords Laparoscopic radical prostatectomy; sexual function outcomes; erectile 
dysfunction; robotic-assisted LRP. 
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1 Introduction 


The feasibility, reproducibility, and teachability of the laparoscopic radical prostate- 
ctomy are proven through its worldwide use (1—9). The technique is well-established 
and is beyond the transition period from the initial experience of the pioneer laparo- 
scopic surgeons. The question remains now that the technique is reaching maturity: 
how is it performing? And how do we measure the quality of a laparoscopic radical 
prostatectomy? 

The goal of modern radical prostatectomy is to excise all cancer with the least 
morbidity and full recovery of continence and potency. This aim is a formidable 
and challenging task, and resulted in a number of technical innovations contribut- 
ing thus far to the great strides realized in the surgical treatment of clinically 
localized prostate cancer (1,J0—-12). Such an innovation is the use of the laparo- 
scopic approach in performing radical prostatectomy (1,12) with the aspiration that 
laparoscopic radical prostatectomy (LRP) will equal other approaches in terms of 
oncological efficacy and functional outcome but yet surpass them in regards to con- 
valescence and short-term morbidity. 

In the most recent years, the DaVinci robotic system (intuitive surgical, Sunny- 
vale, California) has been increasingly used to perform laparoscopic radical prosta- 
tectomy (RALRP) in the United States particularly (13). Herein, we report and 
analyse the results of sexual outcome after laparoscopic radical prostatectomy (LRP 
and RALRP) based on the published literature in the past 9 years (14). 

We conducted an extensive MEDLINE literature search (search terms “laparo- 
scopic radical prostatectomy” and “robotic assisted laparoscopic radical prostate- 
ctomy”) from 1990 through 2007; only full length articles identified during this 
search were considered for the analysis. A preference was given to the articles 
with larger series (>100 patients). The laparoscopic results were interpreted as 
whole regardless of the technical differences (transperitoneal versus extraperitoneal, 
antegrade versus retrograde dissection, number, disposition, or size of the surgical 
ports, etc.). 


2 Heterogeneity of Results 


The lack of uniformity in defining, assessing, and reporting functional results fol- 
lowing radical prostatectomy in general, leads to a disparity of results between dif- 
ferent series. The definition used, the methodology by which the data are gathered 
and analyzed, and the time of assessment need to be taken into consideration while 
interpreting the results of potency postoperatively. This may preclude any compar- 
ative analyses between series. 
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3 Sexual Function Outcome 


Preoperative potency, extent of neurovascular bundle preservation, and patient age 
were shown to be significant predictors of erectile function recovery after radi- 
cal prostatectomy and along with the use of phosphodiesterase type 5 inhibitors 
(PDE5Si) need to be taken into consideration when interpreting erectile function data. 

Most series of LRP include potency data only on a small subset of patients, usu- 
ally treated after the technique of LRP and neurovascular bundle preservation has 
been mastered. Stolzenburg et al. using the International Index of Erectile Dysfunc- 
tion (ITEF) to measure post LRP potency, reported their experience of 700 extraperi- 
toneal LRP. The follow-up was 6 months and nerve-sparing was performed in 185 
preoperatively potent patients (26%), unilaterally in 114 patients (16%), and bilater- 
ally in 71 (10%). At 6 months postoperatively, 8/66 men with unilateral (12%) and 
16/34 with bilateral nerve preservation (47%) had erections sufficient for intercourse 
with or without the help of PDESi. Baseline and postoperative IEF scores were not 
reported (15). Using question 3 (How often were you able to penetrate your part- 
ner?) and question 4 (How often were you able to maintain your erection after you 
had penetrated your partner?) of the IIEF to determine potency, Roumeguere et al. 
reported a 65% 1-year potency rate in 26 preoperatively potent men who underwent 
bilateral nerve-sparing (16). 

Evaluating potency with the EPIC questionnaire, Link et al. reported a decrease 
to 64% of baseline at 12 months for both the sexual function and bother subdomains. 
In the same experience, using a single question to determine potency (“During the 
last 4 weeks, how often did you have sexual intercourse?”’), the potency rate was 
79% at 12 months in a subgroup of 50 preoperatively potent men who underwent 
bilateral nerve-sparing. Of note, most patients used PDESi and 11% were using vac- 
uum erection devices, pharmacological injection therapy, or transurethral alprostadil 
postoperatively. The latter group of patients was asked to assess sexual function 
without such therapy (17). 

Of their initial 550 patients, the Montsouris group reported in a subset of 47 
consecutive patients less than 70 years of age. Of those patients who were preop- 
eratively potent and who had bilateral nerve-sparing LRP, 31 (66%) were able to 
have intercourse with or without PDESi (18). Rassweiler et al. reported in their first 
180 patient LRP series, 10 patients with nerve-sparing (2 bilateral and 8 unilateral). 
Four patients had “sufficient erections with sildenafil” (19) (Table 1). Katz et al. 
reported in 143 preoperatively potent patients: 26 responded to the questionnaire 
at 12 months and 23% had sexual intercourse with any erectogenic therapy. The 
questionnaire used was a non-validated set of three questions with “yes” and “no” 
answers (20). 

Two points become obvious when reviewing the published erectile function 
recovery results after LRP. Firstly, neurovascular bundle preservation, rather than 
predominating, constitutes a minority in each reported experience. Subsequently, 
potency data comprise only a small number of patients in each series. Secondly, the 
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available results, although interesting, do not represent the current status of laparo- 
scopic radical prostatectomy. Now that the technique is beyond the learning phase, 
the LRP literature is due for more substantial functional results. 

Similarly in RALRP, there is a paucity of data with either limited follow-up or 
limited number of patients. In the published data, 20-97% of the patients were con- 
sidered potent 12 months after RALRP. Menon et al. reported their erectile function 
outcomes after RALP with rates ranging from 59% at 6 months (21,22) to 100% at 
24 months (23). Chien et al. reported on RALP outcomes, with an overall rate of a 
return to baseline sexual function of 47, 54, 66 and 69% at 1, 3, 6 and 12 months 
postoperatively, respectively (24) (Table 1). These authors considered that this was 
a favorable outcome in comparison to open series of RRP using the same validated 
questionnaire, in which the percentage of patients reporting a return to baseline sex- 
ual function was 37, 41 and 50% at 3, 6 and 12 months, respectively (24). Menon 
et al. reports that the median time to intercourse after RALP is two times shorter 
compared with RRP (23). Interestingly, this recovery time was not found to be 
significantly different when a unilateral or bilateral nerve preservation was per- 
formed. In the largest RALRP published experience, 70% of the preoperatively 
potent patients reported intercourse at 12 months and 100% at 48 months when the 
neurovascular bundles were preserved bilaterally including the anterolateral aspect 
of the prostatic fascia (25). 

The laparoscopic approach to radical prostatectomy was initially met with great 
enthusiasm. The hope was that the magnification and the detailed anatomical visu- 
alization it provided, along with the lower intraoperative blood loss would translate 
into better functional outcome. The reality is that after nearly 10 years, there is no 
evidence to support the superiority of this approach over the open approach and the 
fact is that it has never been studied appropriately and it is not clear whether it will 
ever be. 

However, the magnification and the detailed anatomical visualization allowed us 
to identify a higher incidence of accessory pudendal arteries, the majority of which 
could be preserved without compromising the oncological outcome (26,27). Future 
studies will establish their role in the functional outcomes. 
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Abstract The chapter title aptly defines the fact that potency preservation following 
radiation therapy is not an established technique, in contrast to potency preservation 
through nerve-sparing prostatectomy. No prospective trials that define and prove the 
efficacy of potency preservation strategies have been completed, and controversies 
regarding the critical target and mechanism remain unsettled. The technical capabil- 
ity to profoundly limit dose to any defined structure through advanced planning such 
as intensity-modulated radiation therapy (IMRT) means that as the critical structures 
are defined dose limitation will be possible. Given this technical capability and the 
growing literature defining the critical targets, potency preservation following radi- 
ation is likely to move from myth to reality in the near future. 


Keywords Erectile dysfunction post radiotherapy; potency-sparing radiotherapy; 
post radiation sexual function. 
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1 Introduction 


Three groups of studies form the basis for strategies to preserve sexual function 
after radiation therapy. One group defines the incidence of erectile dysfunction fol- 
lowing different forms of radiation treatments. These range in quality and follow up, 
but confirm that erectile dysfunction (ED) is (i) a very common outcome following 
radiation, (ii) progressive over years of follow up, and (iii) varies with radiation 
technique (1). The second group of studies is correlative; the incidence of erectile 
dysfunction is related to dose to a critical structure (2-9). Such studies have been 
limited by the poor definition of critical erectile structures by CT, and the initial cor- 
relation of erectile dysfunction with penile bulb dose was criticized on the basis that 
the penile bulb plays no significant role in erectile function (8). The most compelling 
correlative evidence comes from contemporary brachytherapy series employing val- 
idated instruments. This may be due to the wide dose gradients delivered to criti- 
cal structures by brachytherapy from minimal dose to prescription dose allowing 
for wider dose spread than external beam studies (2,5). Although correlative study 
results are mixed, there is little doubt remaining that dose to the proximal penis 
region correlates with erectile dysfunction more than dose to the neurovascular bun- 
dle. This correlation has led to a variety of strategies to limit dose and preserve 
potency. The third group of studies is mechanism studies, which attempt to deter- 
mine the vascular versus neurologic basis for radiation-induced ED. Such studies are 
limited, but suggest that vascular effects contribute more than neurological effects 
to radiation-induced ED (10-13). 

The limitations in the knowledge of mechanism and critical structure for potency 
preservation mean that current strategies are a “best guess” at critical targets, and 
current studies seek to improve potency outcomes but more importantly seek to 
define the critical targets and ultimate mechanism for erectile dysfunction post- 
therapy. 


2 Critical Endpoints 


An important component of improved evaluation of sexual function is in the lan- 
guage used to define function and dysfunction. The term impotence, which is analo- 
gous in emotional impact to the term barren in female reproductive dysfunction, is 
both absolute and judgmental in tone. The term erectile dysfunction (ED) removes 
the stigma associated with the term impotence, and also implies wide variation in 
degrees of dysfunction. Unfortunately, the majority of studies completed in the radi- 
ation oncology literature use the terms impotent and potent in a black and white 
manner, when erectile function was the actual endpoint of concern. While ED is 
a major advance in specificity of post-radiation evaluation, several other critical 
endpoints may be affected by radiation treatment. Libido, erection, ejaculation, 
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reproductive potency, and orgasm may all be affected post-radiation, and all must 
be included in evaluating post-radiation changes. 

Libido may be decreased if testicular exposure during radiation results in 
decreased androgen production (14-17). There is controversy about the duration and 
degree of testosterone decline following external radiation, transient in most with a 
minority of patients experiencing long-term suppression. Androgen levels are more 
commonly affected by the use of systemic androgen blockade used in conjunction 
with radiation. The assumption that recovery of normal levels following cessation 
of androgen blockade is questioned by the average recovery time of 18 months and 
the permanent suppression in 30% reported by Padula (18-21). The quality and 
quantity of ejaculate is a critical concern to some men, who associate potency with 
ejaculation as much as erection or climax. Drugs used to improve urinary function 
during treatment such as alpha blockers cause relaxation of the internal sphincter 
and loss of ejaculate in a large fraction of patients, an effect that may be incor- 
rectly attributed to radiation treatment. Actual reproductive fertility is a concern to 
some men, and in spite of high likelihood of infertility by interruption of sperm 
production or transport, sterility is not assured, as conception has occurred after all 
currently available therapies (22,23). Finally painful ejaculation has been reported 
with prostate brachytherapy in a small subset of patients, an uncommon outcome in 
external beam patients. Such pain may cause a limitation of sexual activity in spite 
of normal erectile function (24). 

Current scales for erectile and sexual function have limitations in elderly men 
diagnosed with prostate cancer. Instruments that validate erectile function on the 
basis of sexual function such as “sufficient firmness for penetration” may not have 
validity in men who masturbate but are not sexually active (25). Also men who have 
decreased sexual performance on the basis of fear of failure may have less ED when 
masturbating while relaxed. Scales which address erectile function without quanti- 
fying sexual desire may not distinguish loss of libido and attendant erectile dysfunc- 
tion with primary erectile dysfunction. In the author’s experience decreased libido 
as the contributing cause for what may be reported as erectile dysfunction is com- 
mon in post-radiation patients, a decrease due to widely varying causes, from low 
testosterone to depression to a shift in interest following a diagnosis of cancer. Stan- 
dard scales may not reflect the concern of some men regarding ejaculate quantity 
and quality, and painful ejaculation is uncommon in untreated patients and there- 
fore not reflected on standard, validated instruments. In spite of these limitations 
the employment of standard, validated instruments has improved the understanding 
of sexual dysfunction and improved physician understanding of the complexity of 
sexual function post-treatment. 

Because of these limitations, validated instruments should be complemented with 
direct history by physicians or health care providers to address issues not included 
in standard instruments. Although patient-completed surveys have a research valid- 
ity that physician history does not, part of the criticism of physician-derived data 
is that physicians have not sought out and reported negative outcomes exhaustively. 
If physicians do an exhaustive history and give the patient an opportunity to define 
problems in all domains of sexual function invaluable information and insight can 
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be gained, even if only useful to that patient. In the author’s experience, sexual dys- 
function is rarely isolated to ED, and often individual patterns of dysfunction may 
result from two or three domains. Merely writing a prescription for a PDES5 inhibitor 
is not good medicine. Critical distinction of libido loss from erectile dysfunction, 
and sexual performance-anxiety related ED from primary ED may be accomplished 
in an efficient manner with limited, straightforward questions and result in more 
appropriately targeted interventions. One schema to assure a comprehensive his- 
tory is presented in Table 1. This table suggests the complexity of sexual endpoints 
post-treatment and also begins to define the multiple domains of dysfunction that 
may result from prostate cancer or radiation treatment. The following case studies 
illustrate this complexity. 


Carl was 2 years post-combined beam and implant therapy and had an unde- 
tectable PSA. He was thrilled with his outcome, with minimal GU or GI side effects, 
and offered to counsel other men struggling with the treatment decision. When asked 
about erections he stated they were normal. He then added, “ever since the treat- 
ment I have had severe pain with ejaculation and due to the pain we have stopped 
having sex. We consider it a small price to pay for saving my life.” 


It is ironic that this patient is pleased enough with his outcome that he would be 
willing to talk others into the treatment, but accepts without question an outcome 
(dysorgasmia and cessation of sex) many would find unacceptable. This emphasizes 
the difference between symptom documentation (dysorgasmia) and quality of life. 
This patient accepted what others would find unacceptable. 


Table 1 Sexual Domains of Interest Post Therapy 


Libido Opportunity Erectile Dysfunction in spite of 


normal libido and 
opportunity 
Normal Spouse or partner ill 
Increased Partner with loss of libido Decrease compared to pre- 
Decreased treatment 
Fatigue from the treatment Decreased and limiting sexuality 
Depression Responsive to Rx 
Anxiety Unresponsive to Rx 
Hormonal 


Interest shift 


Ejaculation Orgasm Potency/infertility 
Normal volume/consistency Normal Sperm count 
Decreased volume Change in intensity Birth control 
Post-radiation Pain 
Alpha blockers Intermittent 
TURP Consistent 
No ejaculate Worsening 


Hematospermia Causing sex avoidance 
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Jim was 2 years post-implant and had an undetectable PSA, baseline GU and 
GI symptoms, and moderate ED for which he tried Viagra with mixed results. When 
asked about libido he stated “it is not like when I was twenty,” but with further 
questioning said it had dropped “quite a bit” in the past year, a change he attributed 
to aging. He was asked about other changes in lifestyle, and noted a change in 
“get up and go.” “I think about doing things and then decide not to, and that is a 
change for me.” He also attributed this to aging. His testosterone level was below 
age appropriate levels, and he opted for supplementation, with marked improvement 
in libido, and “get up and go.” His response to Viagra remained variable but by 
frequency of intercourse he was more active than prior to supplementation. 


This demonstrates the overlap of libido loss and ED, and emphasizes the impor- 
tance of baseline testosterone levels as a reference to evaluate post-therapy changes. 
More importantly, it emphasizes the patient’s tendency to attribute significant treat- 
ment related delayed changes to aging rather than treatment, especially when the 
changes occur years after treatment. 


3 Post-radiation Effects on Sexual Function — Timing 
and Targets 


3.1 Biology, Timing, and Targets 


A pivotal study on the mechanism of post-radiation erectile dysfunction concluded 
that ED is mutifactorial, including vascular, nerve, and smooth muscle injury com- 
ponents (1). Five months following varied doses of radiation to the prostate region 
of rats histological evaluation revealed a decrease in nitric oxide producing nerves. 
In addition smooth muscle atrophy of the corpus cavernosum resulted in decreased 
response to the direct smooth muscle relaxant papaverine. While this finding chal- 
lenges the vascular basis of ED post-radiation, the authors concluded that damage 
to vessels supplying the nerves and smooth muscle may have been responsible for 
the loss of erectile tissues and function. Notable is the dose response variance; pro- 
gressive loss of nerve density with dose, and threshold loss of smooth muscle only 
at extremely high dose. 

In spite of the effects noted on nerve and smooth muscle the vascular basis 
for post-radiation toxicity is favored by an abundance of evidence, including uni- 
versal vascular histologic changes post radiation in virtually every organ studied, 
as described by Fajardo (26). In fact with the exception of rare cells vulnerable 
to apoptosis following radiation such as lymphocytes, the tolerance of any organ 
is directly related to vascular supply. The most vulnerable vascular target is the 
capillary endothelial cell. Tissues with large contiguous capillary and microvas- 
cular networks such as kidney and lung, or unique vascular supply such as liver, 
are most vulnerable to radiation damage and the tolerance is less than one half the 
dose of organs with ample blood supply. Tumors with extensive vascular supply 
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such as renal cell or glioblastoma are less responsive to radiation, possibly on a 
vascular basis. Erectile function is a complex vascular-based mechanism based on 
simultaneous afferent dilation and efferent constriction and would be predicted to 
be extremely vulnerable to radiation damage. On this basis one would predict the 
terminal internal pudendal artery junction with the corpus cavernosum to be the 
most vulnerable to disruption. 

The manifestation of endothelial cell damage is delayed for several reasons. The 
universal initial response to radiation is arrest of cell division. Cells may remain 
in a dormant state for months and are “doomed but not dead.” The mitotic rate of 
endothelial cells is extremely slow and the arrest phase is extremely prolonged. For 
example, when canine brains receive a necrosis-causing dose of radiation there may 
be no clinical manifestation of the damage for months (27) and the brain appears 
normal on scan until 3—6 weeks prior to death. As the cells resume division the lethal 
damage is expressed, resulting in microvascular disruption including separation of 
the endothelial cell from the basal lamina, thrombosis, and rupture. The most crit- 
ical outcome is ischemia and the triggering of a non-vascular response resulting in 
compensatory new vessel formation termed telangiectasia. Telangiectasias are com- 
pensatory for ischemia but not for function, as they form in locations apart from 
the normal vascular supply. One would not predict that telangiectasias could restore 
disruption of the erectile vessels by radiation. 

While the endothelial cell’s vulnerability is well-established, vascular damage 
following radiation included damage to every layer of the artery wall, including 
subendothelial and adventitial fibrosis and hyalinization of the media in small ves- 
sels. Medium and larger arteries display extensive intimal fibrosis. The timing of 
such lesions and the clinical manifestations are delayed relative to the endothelial 
response. Loss of elasticity limits the capacity for full dilation and rapid filling crit- 
ical to normal erection function. 

Nerve damage from radiation is not universally present in radiated tissues as 
vascular damage is, but at large doses per fraction nerve damage is encountered in 
the clinical radiation literature. This was first noted as a problem in intra-op stud- 
ies of single large dose fraction for sarcomas (28). Although such high doses in a 
single fraction are unusual with external beam, such fractions are routinely applied 
with high dose rate radiation (HDR) for prostate boost. Also permanent implants 
may develop extreme high-dose regions with potential for direct nerve damage and 
disruption of erectile function on this basis. At lower dose per fraction reversible 
demyelination is seen in nerve tissue, manifest as Lhermitte or subacute CNS neu- 
rologic dysfunction. Demyelination has not been commonly reported outside the 
CNS, but the subacute timing of the process with slow onset and slow recovery is 
consistent with reversible ED seen in some radiated patients. 


3.2 Radiation Reactions 


Acute radiation reactions are due to irritation from inflammation. Prostate cancer 
treatment is associated with irritation of bowel and bladder. Such reactions are self- 
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limited and generally resolve to a significant degree by 1 month following therapy. 
Acute erectile dysfunction is rare with external beam therapy, but is seen following 
brachytherapy in approximately 15% of patients (24). The mechanism of the acute 
sexual dysfunction is uncertain but may be due to trauma to the erectile tissues by 
needles passed through the perineum. A subset of men with acute ED post-implant 
do not recover erectile function. 

Subacute radiation reactions beginning weeks to months following radiation are 
reversible and resolve slowly over months. The mechanism is nerve demyelina- 
tion. Although such injuries are documented extensively in treatment of central 
nervous system malignancies, the injury can be induced by radiation in periph- 
eral nerves experimentally or after intra-op abdominal radiation. It may be spec- 
ulated that such neural injury could explain reversible erectile dysfunction seen 
in brachytherapy patients in a time frame consistent with demyelination injury 
and recovery, but mechanism studies will be necessary to confirm this. The tar- 
get nerves could be the neurovascular bundle or the terminal cavernosal nerves. 
The clinical pattern of ED that would correlate with this is ED progressing dur- 
ing the first 12 months post-brachy with dependence on Viagra or equivalent, 
followed at 18-24 months by improvement and decreased requirement for Via- 
gra. We have noted this pattern in an ongoing prospective study of brachytherapy 
patients. 

Late reactions include vascular changes and fibrosis. Late reactions which are 
vascular may be divided into microvascular and macrovascular. Radiation results 
in diminution of the capillary and adjacent microvascular network, rendering tis- 
sue hypoxic, which initiates a neovascular response. Typically radiated tissues 
have telangiectasia as evidence of this compensatory response. Such telangiectasias 
appear 9-18 months following radiation. Possible microvascular targets include the 
terminal internal pudendal arteries supplying the corpus cavernosum, the vasa ner- 
vosa supplying the cavernosal nerves, or where present accessory pudendal arteries. 
The timing of microvessel damage correlates with the timing of progressive erec- 
tile dysfunction following radiation and in theory may be due to disruption of the 
terminal vessels supplying the corpus cavernosum. 

The timing of fibrosis following radiation parallels the microvascular effects in 
onset (months to years) but may progress continuously over decades. Fibrosis may 
contribute to ED by compounding the direct injury to vessel and nerves, and by 
restricting expansion of the CC. 

Macrovascular changes are delayed and are manifested as increased arterioscle- 
rosis of radiated tissues. Such changes are typically seen more than 5 years post- 
radiation and are well-established in a variety of malignancies. Such delayed 
reactions may cause obstruction of the internal pudendal arteries and accelerate 
the process responsible for the majority of erectile dysfunction in the untreated 
population. 

Correlation of clinical dysfunction with the above injuries is challenging due to 
variation in timing of the above injuries and the variable timing of the response. 
A schema of potential correlations is presented in Table 2 and summarized 
below. 
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Table 2 Radiation Response of Normal Tissues with Time 


Timing Onset Resolution Mechanism Target XRT type 
Acute Immediate Weeks Trauma CN, IPA B 
Reversible CC 
Acute Immediate Trauma CN, IPA B 
Irreversible CC 
Subacute Weeks Months Demyelination CN, NVB B>E 
Reversible 
Chronic 9 months Progressive Microvascular IPA, CC E, B 
Progressive fibrosis 
Delayed 5 years Progressive macrovascular IPA E>B 
Progressive 


E = external beam radiation, B = brachytherapy. CN = cavernosal nerve, NVB = neurovascular 
bundle, CC = corpus cavernosum, IPA = internal pudendal artery 


3.3 Clinical Syndromes 


Acute, reversible erectile dysfunction may occur after implant therapy and is likely 
due to reversible traumatic vascular or nerve injury. It is not typically seen during 
external beam therapy 

Acute, irreversible ED may occur immediately following brachytherapy and may 
be permanent. The mechanism is not defined but likely involves traumatic disrup- 
tion of vascular or neural pathways in the course of the needles. This includes the 
terminal internal pudendal artery (IPA), proximal corpus cavernosum (CC), and cav- 
ernosal nerves (CN). 

Subacute, reversible ED is seen post-brachytherapy in approximately 1/4 
patients. The onset is within weeks and duration may be 12-24 months. The hall- 
mark of the dysfunction is its reversibility. Although the timing is consistent with 
demyelination and repair, no direct evidence for a demyelination mechanism is 
available. Potential targets include the neurovascular bundle (NVB) and CN. 

Chronic, progressive erectile dysfunction has its onset 9 months to years following 
radiation and is likely a function of microvascular injury and fibrosis. It is typically 
responsive to phosphodiesterase inhibitors, but the response may diminish with time. 
Chronic, progressive ED is well-established post-external beam and brachytherapy. 

Delayed progressive erectile dysfunction due to macrovascular change is not 
well-established due to the overlap of microvascular and macrovascular injury. In 
studies of internal pudendal artery-sparing radiation therapy, a subset of patients 
have approximation of the IPA and the prostate and separation of the terminal IPA 
and CC. Such patient may have late onset ED on the basis of the macrovascular 
change from radiation but the distinction between vascular occlusive disease and 
non-radiation etiologies is impossible, unless the IPA obstruction occurs in the high- 
dose region of the vessel. Such patterns of occlusion and dose have been established 
in head and neck cancers but no evidence is available for discrete high-dose radia- 
tion and occlusive disease for pelvic vessels responsible for erectile function. 
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4 Potential Target Definition 
4.1 Prostate Apex Definition 


The prostate apex is poorly defined on CT and genitourinary diaphragm (GUD) 
elements contiguous with the prostate are often included in the prostate contour. 
MRI is superior in definition of this region relative to CT (Figs. 1 and 2 and Color 
Plate 1, following p. 264). Because most of the critical erectile structures (CES) are 
variable distances below the apex, accurate definition of the apex position is more 
critical to potency sparing than defining the CES, and the degree to which CES 
can be spared is directly proportional to the distance between the apex and CES. 
Accurate apex definition and conformal planning or IMRT will result in sparing of 
the CES, even without formal definition of CES. Multiple strategies have evolved to 
define the apex, including marker seeds, apex relationship to identifiable structures 
such as penile bulb or urethrogram apex, MRI imaging in axial, coronal, and sagittal 
views (29), and genitourinary diaphragm (GUD) recognition on CT following MRI 
training (30) (Table 3). 

MRI studies suggest wide variation in thickness of the GUD (Fig. 3), nullifying 
rules commonly employed based on apex distance to the penile bulb (PB) or ure- 
throgram apex.The actual distance from the prostate apex to penile bulb on MRI 
ranges from 0.6 to 2.3 cm. The average distance rules (apex is 1.5 cm above the 
PB and | cm above the urethrogram apex) may lead to overestimating and under- 
estimating the actual distance, a twofold hazard for marginal miss or unneces- 


Fig. 1 Fused CT and MRI demonstrating the clarity of detail on MRI versus CT at the same level 
in the prostate 
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Fig. 2 Comparison of prostate interface clarity at different levels within the prostate. Arrow rep- 
resents an interface with the prostate clarified by MRI, unclear on CT. Left to right panels: Geni- 
tourinary diaphragm, apex, mid-prostate, and base (See Color Plate 1, following p. 264) 


sary high dose to the CES. Such average distance rules should not be employed. 
Coronal MRI accurately defines the separation of the prostate apex and penile bulb 
and the direct measurement can be applied to CT. Another method to define the apex 
is GUD recognition. In this method the CT is reviewed from the PB level and mov- 
ing superior the triangular, circular, and slit forms typical of the GUD levels can be 
recognized and the apex is defined as the next slice above the last recognizable GUD 
element. GUD recognition was formally tested in ten patients with three observers 
and it was possible to define the apex within 0.5 cm (30). 


4.2 Definition of Critical Erectile Structures (CES) 


CES include the neurovascular bundle (NVB), cavernosal nerves (CN), corpus cav- 
ernosum (CC), and internal pudendal artery (IPA). These structures are depicted in 
Fig. 4 and Color Plate 2, following p. 264, a 3D reconstruction following fusion of 
MRI, time-of-flight angiogram, and CT of a patient on a potency preservation proto- 


Table 3 Preferred Imaging Method for Prostate Apex and CES 


Structure Preferred imaging method 
Prostate apex MRI coronal > 
MRI axial > 
GUD recognition 
NVB MRI = CT 
Cavernosal nerves MRI (relationship to external sphincter) 
Corpus cavernosum MRI > CT 
Internal pudendal artery Time-of-flight MRI > 


T2 MRI > CT 
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Fig. 3 Variation in genitourinary diaphragm (GUD) thickness. Patient in upper panel has minimal 
distance from prostate apex and penile bulb on coronal MRI. Patient in lower panel has a thicker 
GUD and greater separation of prostate and CES. Figures to the /eft represent prostate, critical 
structures, and high-dose radiation volume. Note the high-dose region is separable from the CES 
in the patient in the lower panels 
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Fig. 4 Prostate and CES defined by fusion of CT and MRI (See Color Plate 2, following p. 264) 
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col. The penile bulb has no role in erectile function but has been used as a surrogate 
for the proximal penis. All CES except the cavernosal nerves may be defined on CT 
after MRI training but are usually more clearly defined on MRI. 

The NVB is visible at the posterior lateral prostate border in approximately 50% 
of patients. In those in which the bundle is poorly defined a location has been 
specified by empirical contouring of the posterior lateral region. The problem with 
this approach is that in pathologic examination of surgical specimens only 50% 
of patients had an NVB which could be defined. In the remaining 50% the neu- 
rovascular bundle was a neurovascular plexus, which was spread over the lateral 
surface of the prostate (37-33). Such a configuration limits not only the efficacy of 
nerve-sparing prostatectomy but also complicates correlative studies after radiation. 
Practically speaking it is impossible with current technology to limit dose to the 
neurovascular bundle or plexus except in permanent implants with a distinct NVB 
visible under color Doppler. In the subset of patients with a clearly defined NVB it 
is possible to vary seed position and limit actual implant of seeds into the bundle, 
but the NVB still receives prescription dose. 

The cavernosal nerves which are the extension of the NVB through the GUD, are 
not visible on any current imaging modality, but are defined by their relationship to 
the external sphincter, which is clearly visible on T2 MRI. The cavernosal nerves 
proceed from the 5 and 7 o’clock positions relative to the external sphincter at the 
prostate apex to the 11 and 1 o’clock positions at the inferior GUD level just above 
the penile bulb. 

In the anatomy literature, the cavernosal nerves are split into lesser cavernosal 
nerves and greater cavernosal nerves (34,35). The cavernosal nerves referred to in 
the surgical literature are the lesser cavernosal nerves (36). The greater cavernosal 
nerves proceed anterior and pierce the GUD anterior to the lesser cavernosal nerves 
and proceed under the pubic arch. The wide variation in NVB anatomy, from bundle 
to plexus, may also terminate in a highly varied cavernosal nerve complex, which 
may vary from two distinct trunks (greater and lesser cavernosal nerves) to a plexus 
without distinct and definable trunks. For correlation studies and expansion of the 
external sphincter, or the GUD, can be used as a surrogate for the lesser cavernosal 
nerve dose. Both the GUD and external sphincter are clearly defined on T2 MRI and 
allow definition of the lesser cavernosal nerve pathway by its fixed relationship to 
the external sphincter as specified by Walsh. 

The IPA can be defined by a time-of-flight sequence, which allows definition 
of location and potency (Fig. 5). With training it is possible to trace the course of 
the IPA through the pudendal canal on T2 MRI, and if calcified it is visible on 
CT. Although the IPA is the main blood supply to the corpus cavernosum, and IPA 
obstruction is a common etiology for ED in the non-radiated population, wide vari- 
ations in blood supply to the CC have been documented. In some patients vessels 
supplying the CC are in closer proximity to the prostate (accessory pudendal arter- 
ies) and may not be sparable without compromising treatment. In a majority of 
patients the IPA contributes to the CC blood supply, and sparing of the IPA may 
prevent accelerated arteriosclerosis. 

The corpus cavernosum is visible on CT but more clearly visible on T2 MRI. 
In addition the T2 MRI allows the clear distinction of the muscle and parenchyma 
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pudendal arteries 


Fig. 5 Internal pudendal artery. Left and mid-panels are time-of-flight sequences (non contrast). 
Right panel is location on CT after fusion of time-of-flight and CT 


components of the CC. The CC are easily distinguished from the penile bulb, also 
visible on CT but more clearly defined on MRI. Correlative studies of ED and PB 
dose have been criticized on the basis that the PB does not have a role in erections 
(8). Yet, terminal branches of the cavernosal nerves pass over the superior and lateral 
surface of the PB to reach the CC. It is possible that exposure of this region could 
disrupt the terminal cavernosal nerve branches before they reach the CC. 


4.3 Radiation Treatment Planning 


The separation of the structures relative to the prostate directly impacts the sparing 
potential of the radiation delivery plan. IMRT and tomotherapy are superior to 3D 
conformal, and IMRT planning allows a specific dose restriction to be assigned to 
CES. However, 3D conformal with MRI-defined targets has been shown to be supe- 
rior in CES sparing compared to CT-planned IMRT (29). The CT planning with 
IMRT was based on the use of rules to define the apex, and failed to define the 
population of men with extreme separation of the prostate and CES, a group easily 
spared with 3D conformal radiation. Thus accurate MRI-based imaging plus IMRT 
combine to take full advantage of available technology. This in turn allows correla- 
tive studies of dose and ED to ultimately define a mechanism of failure and critical 
targets to avoid. The influence of CES on treatment planning is that fields not com- 
monly employed in standard treatment planning become advantageous when CES 
are considered. Standard treatment planning based on limiting dose to the rectum 
favors lateral field approaches, while the inclusion of CES in planning often results 
in use of anterior fields. 


5 Potency-Sparing Radiotherapy — Preliminary Results 


As stated in the introduction potency-sparing radiotherapy is far less defined than 
nerve-sparing surgical procedures. Although exhaustive prospective data with long 
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follow up are not available, compelling preliminary data using validated instruments 
are now available. Merrick has a large series in progress in which initial correlations 
of ED to proximal penis dose were established, followed by studies in which PB and 
CC dose were consciously restricted in an effort to preserve potency. The strength 
of these studies is that they are prospective, with validated baseline potency scales 
used in both early and later potency-sparing approaches. These studies move beyond 
studies which define the feasibility of defining and restricting dose (7,29) to actual 
correlation of outcomes after dose restriction. 

Using the International Index of Erectile Function (ITEF) Merrick et al. reported 
a 39% 6-year rate of potency preservation following brachytherapy (37). When 
implant technique was modified to spare the PB in a later series, potency post- 
brachytherapy improved (38) (Fig. 6). The addition of supplemental XRT resulted in 
a deleterious effect on potency preservation (26% vs. 52%). By carefully restricting 
dose to the proximal penis, overall potency preservation rates using the HEF ques- 
tionnaire increased from 39 to 51% without a deleterious effect on erectile func- 
tion in patients receiving supplemental beam (38) (Fig. 7). Using day 0 CT-based 
dosimetry, maximal potency preservation was dependent on limiting the penile bulb 
Dso to < 30% of prescription dose and the proximal crural Dsp to <50% of pre- 
scription (38) (Fig. 8A,B). With adherence to these cut-points, greater than 70% of 
patients maintained potency compared to only approximately 30% in patients who 
received higher doses. Although the site-specific structure in the proximal penis 
remains unclear, radiation doses to the corpora cavernosa may be more important 
than those to the penile bulb because the corpora cavernosa represents the true erec- 
tile tissue, whereas the corpora spongiosum is believed to play little role in the 
development or maintenance of erectile rigidity (6,7). 
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Fig. 6 Comparison of ED in two eras differing by dose limitation to the PB and CC 
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Fig. 7 Effect of external beam in combination with implant in two eras differing by limitation in 
dose to the PB and CC 


The above studies confirm the importance of the proximal penile region in con- 
tributing to post-radiation erectile dysfunction and begin to define a dose tolerance 
for the CES. They are limited by the use of CT to define CES and prostate apex, and 
further dose restriction may be possible using MRI-based planning with IMRT (29). 

Besides dose to CES, a key predictor of potency preservation for all forms of 
radiation is the baseline function (38). Patients with a pre-treatment ITEF of 29-30, 
24-30, 18-23 and 13-17 have potency preservation rates of 79, 58, 48 and 22%, 
respectively, following brachytherapy (38) (Fig. 9). However, the post-implant HEF 
scores are routinely less than the pre-implant value. For example, patients with a 
pre-implant ITEF of 29 or 30 had a median post-implant ITEF of 24 (38). In addition 
patient age and presence or absence of nocturnal erections predicted post-radiation 
potency preservation (38). 


6 Summary 


Potency following radiation therapy is a complex function of baseline function, age, 
radiation dose to CES, radiation technique, and the use of hormone therapy. There 
is no evidence from prospective studies that brachytherapy is more sparing of erec- 
tile function than other modalities, provided dose to the proximal penile structures is 
limited appropriately. Improvements in imaging employing MRI-based imaging can 
improve the definition of prostate apex and CES and allow further reduction of dose 
over CT-based approaches, especially when combined with IMRT planning. Andro- 
gen blockade remains a critical factor in affecting potency post-radiation, especially 
long-term blockade. Currently, there are wide differences in the hormone therapy 
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Fig. 8 Dose response correlating ED and dose to PB (A) and proximal CC (B) 


recommendations that are dependent on the radiation modality chosen. In general 
when brachytherapy with confirmed excellent post-implant coverage is included in 
the therapy, either in primary or combined, the role of hormone therapy is dimin- 
ished (39,40). In contrast prospective randomized trials suggest that 6 months of 
androgen blockade improve outcome compared to external radiation alone (41). 
Few studies of combined hormone therapy and implant suggest a benefit in this 
group, especially when implant quality is confirmed (39,40). For high-risk patients 
treated with external beam therapy current evidence suggests a 2—3-year course 
of hormone therapy (42). High-risk patients treated with combined implant plus 
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Fig. 9 Relationship of ED post-radiation to baseline function 


beam may require 6—9 months of hormone therapy (39,40). These data suggest that 
potency preservation radiation techniques must factor in the current requirement 
for hormone therapy, and the decision for potency preservation may compel some 
patient to consider combined modality or primary brachytherapy. While prospective 
trials will have to confirm this excellent long-term biochemical control and survival 
can be achieved in the vast majority of patients with radiation modalities, which do 
not require hormonal therapy. 
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Abstract Neurogenic erectile dysfunction remains a common complication of radi- 
cal prostatectomy despite current modifications of the surgery, which include preser- 
vation of the cavernous nerves essential for autonomically nerve-regulated penile 
erection. An imperative exists to address this problem with the primary objective 
of rapidly restoring natural, medically unassisted erections. Neuromodulation is 
an exciting, innovative field of endeavor developed to meet this objective. With 
the acknowledgement that penile neuropathy is a major pathogenic basis for the 
complication, this field promotes neuroprotective and nerve regenerative strategies 
for facilitating cavernous nerve functional recovery. Several possibilities have been 
investigated at the preclinical level and in early clinical trials, directly relevant to 
this context, suggesting likely therapeutic directions to be developed further in the 
near future. Other possibilities are conjectured at this time to have likely utility in 
this clinical context, borrowing from concepts advanced in basic science and clin- 
ical medicine disciplines distinct from the neuro-urologic field. For moving this 
particular field forward, emphasis is given to elucidating the molecular basis of the 
pathologic injury associated with radical prostatectomy and characterizing the role 
of molecular effectors responsible for cavernous nerve injury and recovery. Such 
focused molecular neurobiologic investigation can be expected to reveal highly 
effective pharmacologic approaches to address the problem and maximize erectile 
function restoration following surgery. 
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1 Introduction 


The description of the anatomic radical prostatectomy just over 20 years ago 
by Walsh impacted greatly on the field of urology (J). This original modifica- 
tion of the procedure of radical prostatectomy was based on an improved under- 
standing of the course of the cavernous nerves adjacent to the prostate, which 
supplied the penis and allowed for their structural preservation when performing 
this pelvic surgery. The significance of the discovery is that it advanced concepts 
of functional outcome preservation, which in the context of autonomic “nerve- 
sparing” specifically pertains to erectile function, while adhering to sound surgi- 
cal oncologic principles. Although the exact degree of erection recovery achieved 
with this pioneering advance has remained hotly debated at present, there is 
no question that erection recovery rates following modern procedures for rad- 
ical prostatectomy have improved dramatically from that of the prior surgical 
era (2,3). 

The advance can be thought of too as inaugurating a new field of study in neuro- 
urology, focused on the development and implementation of strategies for preserv- 
ing the functional integrity of the cavernous nerves in the context of pelvic surgery. 
Several strategies have been proposed in recent years with the goal of even better 
preserving the neurogenic basis of penile erection following radical prostatectomy 
and thereby maximizing postoperative erectile function outcomes. Such strategies 
have included intraoperative cavernous nerve neurostimulation (4,5), cavernous 
nerve interposition grafting (6,7), and further refinements in cavernous nerve preser- 
vation techniques during the performance of the surgery (8,9). Neuromodulatory 
therapy, in reference to therapeutic approaches for protecting and recovering the 
function of cavernous nerves injured during radical prostatectomy, has also received 
intense interest in recent years. 

The interest in this strategy largely stems from the knowledge that many men 
experience a delay or failure in the full recovery of natural penile erection postoper- 
atively today despite current surgical improvements (10). The concern is that even 
the very best surgical proficiency for cavernous nerve preservation will foreseeably 
remain imperfect in consistently obtaining prompt, functional erectile responses 
postoperatively and some additional means of facilitating the recovery of cavernous 
nerve function required for this outcome remain most purposeful in this setting. 
The reality of erectile dysfunction as a lingering potential complication of radical 
prostatectomy at this time is further underscored by the frequent use of erectile aids 
in the interim for many men while awaiting natural erection recovery (11,12) and 
by the enthusiasm for vasoactive pharmacological erection rehabilitative strategies 
to promote this recovery (13,14). 
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This chapter conveys the rapidly growing scientific interest in addressing the 
penile neuropathy associated with the performance of radical prostatectomy, which 
is inherent in the temporary or permanent occurrence of erectile dysfunction fol- 
lowing this iatrogenic event. It highlights an assortment of initiatives considered to 
be neuromodulatory in nature, which could be offered adjunctively with the surgery 
to produce possible therapeutic benefit. To be discussed are several exciting scien- 
tific directions, from preclinical studies to early clinical trials, aimed toward pro- 
moting cavernous nerve functional preservation, and thereby maximizing erection 
ability, after surgery-related cavernous nerve injury. However, in recognition that 
progress in this specific field of endeavor is relatively immature to date, discussion 
is also provided with respect to the potential utility of neuromodulatory prospects 
that might be introduced to this clinical arena based on advances in other clinical 
disciplines in which nerve injury occurs. For the latter concern, literature relating to 
both nerve injury and functional nerve recovery in non-urological contexts including 
such areas as peripheral nerve injury, spinal cord injury as well as neurodegenera- 
tive diseases of the central nervous system has been reviewed. Further, advances in 
the molecular basis of neuroprotection and neuroregeneration after nerve injury, 
including the roles of molecular factors and signal transduction pathways, were 
deemed to be informative for this undertaking. Molecular concepts may broadly 
apply to settings of nerve injury and wholly translate to innovative mechanism- 
based interventions. 


2 Pathogenesis of Acute, Traumatic Penile Neuropathy 


In many respects, the proceedings of radical prostatectomy resulting in cavernous 
nerve injury parallel the description of nerve injury in other contexts of traumatic 
nerve injury. Accordingly, there is an initial traumatic insult, which then triggers a 
secondary pathological cascade of biochemical and metabolic derangements lead- 
ing to functional loss (Table 1). The neuropathy and nerve recovery process associ- 
ated with cavernous nerve injury are presumed to involve events resembling that of 
peripheral neuropathy and peripheral nerve regeneration, respectively. 


2.1 Peripheral Nerve Degeneration and Regeneration 


Broadly speaking, peripheral neuropathy implies derangement in structure and func- 
tion of peripheral motor, sensory, and autonomic neurons in their entirety or involv- 
ing select parts of the neuron. The diverse nature of neurons invokes a range of 
potential target sites and mechanisms that may be associated with nerve injury 
and neuronal dysfunction. However, a fairly well-understood consistent manner 
of neuronal loss follows peripheral nerve injury. After axonal injury of a periph- 
eral nerve, such as by axotomy or crush, cellular and molecular mechanisms are 
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Table 1 Pathobiology of Traumatic Cavernous Nerve Injury 


Primary mechanisms 
Contusion 
Compression 
Traction 
Avulsion 
Transection 


Secondary mechanisms 

Extracellular factors 
Microcirculatory vascular damage 
Ischemia 
Hemorrhage 
Edema 
Cytokine-mediated inflammation 

Intracellular factors 
Ischemia-reperfusion 
Electrolyte imbalance 
Edema 
Neurotransmitter excess 
Amino acid excitotoxicity 
Lipid peroxidation 
Reactive oxygen species generation 
Neurotrophic factor deprivation 
Apoptosis 


put in play signifying neuronal cell death and recovery (15,16). Nerve fibers dis- 
tal to the site of injury undergo a process referred to as Wallerian degeneration. 
The retrograde transport of neurotrophins (neurotrophic factors) released from the 
target tissue to the nerve cell body to support its survival and facilitate axonal 
regeneration is additionally disrupted, further signifying neuronal cell death and 
impaired regeneration. 

A microenvironmental change accompanies neuronal cell death and likewise 
links with the events involved in neuronal cell survival. Intracellular calcium lev- 
els rise, while free radicals and reactive oxygen species are generated and activated. 
These events signal the reactivity of neighboring Schwann cells, glial cells of periph- 
eral nerves, which respond by producing extracellular matrix components, remyeli- 
nating regenerating axons, and secreting neurotrophins. Neurotrophins interact with 
specific plasma membrane receptors, e.g., TrkA, TrkB, p75, in neurons thereby acti- 
vating Akt (protein kinase B) and/or mitogen-activated protein kinases, i.e., extra- 
cellular signal-regulated kinase (ERK), c-Jun NH -terminal kinase (JNK) and p38, 
which regulate downstream effectors in neuronal proliferation and survival path- 
ways (17). The range of effects includes neuronal proliferation, differentiation, and 
changes in cell motility, structure, and phenotype. Neurite outgrowth from the prox- 
imal nerve segment, as governed by neurotrophins, proceeds either in a trophic man- 
ner, i.e., related to protein synthesis and regulation, or in a tropic manner, i.e., related 
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to directionality. Cell adhesion molecules (CAM), i.e., N-CAM, N-cadherin, and the 
L1 glycoprotein, also play important roles in governing the directional growth of 
axons (18). Negative extracellular signals have recently been described as inhibit- 
ing neurite outgrowth. Neuronal growth inhibitory proteins include Nogo, myelin- 
associated glycoprotein, and the growth collapsing semaphorins/neuropilins, and 
their actions may involve Rho-kinase-mediated signaling (18,19). Upon the regen- 
eration of neurons and their reconnection with target locations, the axonal growth 
and recovery process is terminated. 


2.2 Cavernous Nerve Injury 


During radical prostatectomy, the surgical dissection as dictated by oncologic prin- 
ciples may require intentional wide excision of periprostatic tissues including all or 
a portion of the cavernous nerves when performing a non-nerve-sparing procedure. 
Alternatively, such principles may still permit preservation of periprostatic tissues 
including the cavernous nerves when performing a nerve-sparing procedure. In the 
former instance, nerve injury is easily contended to consist of direct nerve transec- 
tion, which generally produces a permanent interruption of autonomic nerve con- 
nections with the penis. In the latter instance, which implies the intention to maintain 
the anatomic integrity of the cavernous nerves, several conceivable mechanisms of 
nerve injury may nonetheless occur in the course of prostate removal including con- 
tusion, compression, traction, and avulsion as well as transection (Table 1). These 
mechanisms, depending upon their extent and severity, correspond to the common- 
place variable loss of neurogenic erectile function which arises in this setting. For 
the nerve-sparing modification of the surgery, erection loss frequently results from 
nerve injury albeit it was unintentional. At the same time, the observation that erec- 
tile function to some degree recovers in time with the nerve-sparing modification 
and sometimes even with the non-nerve-sparing approach establishes the neurore- 
generative potential of this clinical setting. 

Following denervation injury to the penis, it is likely that a process of penile 
neuropathy ensues. Erectile tissue health and the erectile response are conceiv- 
ably affected adversely by the disruption of the cavernous nerve supply. Experi- 
mental animal studies and clinical observations support functional, morphological, 
and metabolic consequences following penile denervation. The functional loss of 
erections following cavernous nerve injury is attributable to defective neurotrans- 
mission required for penile erection. Grossly apparent atrophic and fibrotic changes 
of the penis have been reported after cavernous nerve injury (20,21), which on the 
microscopic level correlate with degeneration of nerve terminations in the erectile 
tissue, corporal smooth muscle deterioration, and infiltration of the erectile tissue 
with collagen (22,23). An active process of corporal smooth muscle apoptosis has 
been shown to occur in rats following penile denervation (24,25). In sum, these 
changes result in an altered biophysical compliance of the penis that predisposes to 
cavernous (veno-occlusive) dysfunction (26). 
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3 Therapeutic Penile Neurogenesis 


Neurogenesis is a developmental biology concept that refers to the growth and 
regeneration of neurons in organ systems. The concept also relates to the basic sci- 
ence of neurotrophic growth factors, neural development, neuroprotection, neural 
regeneration, and the prevention of neuronal cell death. The association of neu- 
rogenesis with the penis corresponds to the premise that nerve development and 
reconstitution are required for preserving neurobiological functions of this organ 
particularly in the face of cavernous nerve injury. This area of study has evolved at 
the level of preclinical investigation as well as in the form of early clinical trials in 
men undergoing radical prostatectomy. 

The clinical pertinence of this research effort is that it may introduce thera- 
pies to counteract the neuropathic effects of cavernous nerve injury associated with 
radical prostatectomy. With this purpose in mind, a body of research discoveries 
in penile neurogenesis and neurobiology has formed suggesting several possible 
neuromodulatory directions to pursue for this clinical application. These advances 
readily fit categories within a schema of neuroprotective and nerve regenerative 
strategies, similarly considered for a variety of nerve injury contexts (27-33) 
(Tables 2 and 3). This schema is consistent with principles discussed in the afore- 
mentioned section on the pathology of nerve injury and the neurobiology of nerve 
recovery. Possibilities range then from specific strategies which would minimize 
injury from all aspects of inflammation, ischemia, excitotoxicity, lipid peroxidation, 
free radical production, and apoptosis to strategies which would promote functional 
nerve recovery via actions of neurotrophic factors, neuronal repair mechanisms, and 
nerve reconstructive techniques. 


3.1 Preclinical Investigation 


Basic science research in this field has largely relied on experimental animal 
models, both to evaluate the consequences of cavernous nerve injury and to 
advance neuromodulatory therapeutic objectives. Animal models have provided 
useful paradigms for investigative work, and they have permitted integrative stud- 
ies of both anatomical (i.e., quantitative morphological, histological, histochemical) 
and functional (i.e., behavioral, electrophysiologic) components of penile neuropa- 
thy and cavernous nerve regeneration. Further, animal models have offered insight 
into molecular mechanisms involved in cavernous nerve neuronal degeneration 
and regeneration. 

Studies in the rat have confirmed collagen infiltration of cavernosal tissue and 
corporal smooth muscle apoptosis resulting from cavernous nerve injury (22,24,25). 
The rat has been used additionally to evaluate the existence and function of neu- 
rotrophic factors in the penis. As demonstrated by molecular expression studies, 
several growth factors are localized to the rat penis including nerve growth fac- 
tor, basic fibroblast growth factor, transforming growth factors a and 61-3, and 
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Table 2 Strategies for Mechanism-Based Neuroprotection 
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Anti-inflammatory agents 
Steroids (glucocorticoids, 21-aminosteroids) 
Sex steroids (estrogen, testosterone) 
Cyclo-oxygenase-2 inhibitors 
Minocycline 
Poly (adenosine diphosphate-ribose) polymerase inhibitor 


Anti-oxidants 
Melatonin 
Nicotine 
Acetylcholine 
a-Tocopherol 
Flavonoids (quercetin) 
Thioredoxin 


Immune modulators 
Immunophilin ligands 
Monoclonal antibodies 


Ischemia counteractive agents 
Nimodipine 
Dopamine 
Atropine 
Angiotensin receptor antagonists 


Anti-excitotoxicity agents 
Gangliosides 
Opiate blockers 
Thyrotropin-releasing hormone 
Glutamate receptor-selective drugs 


Jonic/membrane stabilizers 
Calcium channel blockers 
Sodium channel blockers 
Beta-blockers 
Mitochondrial ATP-sensitive potassium channel activators 


Anti-apoptotic agents 
Calpain antagonists 
Caspase inactivators 
Erythropoietin 


N.B. This list is not meant to be exhaustive or complete. Some agents may act through more than 


one mechanism. 


insulin-like growth factor (34,35). The rat has also served to define the roles of 
neurotrophic factors such as nerve growth factor, acidic fibroblast growth factor, 
brain-derived neurotrophic factor, and insulin-like growth factor in promoting penile 
nerve fiber regeneration and erectile function recovery after cavernous nerve injury 
(36-39). Atypical neurotrophic factors either shown or proposed to play roles in 
cavernous nerve regeneration after injury include growth hormone (40), the glial 
cell line-derived neurotrophic factor neurturin (41), the morphogenic factor Sonic 
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Table 3 Strategies for Mechanism-Based Nerve Regeneration 


Neurotrophic factors 

Classic neurotrophins 
Nerve growth factor 
Brain-derived neurotrophic factor 
Neurotrophin-3, neurotrophin-4 
Acidic fibroblast growth factor 

Neuropeptide growth factors 
Bombesin 
Neurotensin 

Atypical neurotrophic factors 
Growth hormone 
Neurturin 
Sonic hedgehog protein 
Erythropoietin 
Vascular endothelial growth factor 


Axonal outgrowth inhibitory neutralizers 
Inhibitory myelin protein antagonists 
Myelin-reactive T-lymphocyte vaccines 
Activated autologous macrophages 
Rho-kinase pathway antagonists 
Phosphodiesterase inhibitors 
Nitric oxide donors 
Chondroitinase 


Axonal reconstructive substances 
Fusogens (polyethylene glycol) 
Nerve guides 


Tissue engineering/stem cell therapy 
Non-glial cells (neurons, fibroblasts) 
Glial cells (Schwann cells, macrophages) 
Stem/progenitor cells 
Genetically modified cells 
Tissues (peripheral nerves, omentum) 


Electrical stimulation 


N.B. This list is not meant to be exhaustive or complete. Some agents may act through more than 
one mechanism. 


hedgehog protein (42), and the cytokine-hormone/anti-apoptotic agent erythropoi- 
etin (43). 

The rat model of cavernous nerve injury has also served to demonstrate 
the cavernous nerve neuroprotective and/or nerve regenerative effects of the 
immunophilin ligand FK506 (tacrolimus) and its derivatives (44-46) as well as the 
anti-inflammatory agent poly (adenosine diphosphate-ribose) polymerase (PARP) 
inhibitor (47). Additionally, studies in the rat model of cavernous nerve injury have 
demonstrated the utility of an assortment of nerve guides, which offer directional 
guidance for regenerating nerves and otherwise act as nerve conduits for recon- 
stituting innervation to the penis. Autologous genitofemoral nerve (48), amniotic 
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membrane (36), silicone nerve tubes (37), Schwann cell seeded nerve guidance 
tubes (49), and biodegradable L-lactic acid and E-caprolactone copolymer conduit, 
and collagen sponge (50) all have served effectively as nerve guides. As an exten- 
sion of the latter principle for cavernous nerve reconstruction, tissue engineering and 
stem cell approaches have had preliminary success in enhancing penile nerve fiber 
growth and recovering erection responses in cavernous nerve injured rats (51,52). 
Lastly, the potential use of gene therapy for recovering erectile function in the face 
of cavernous nerve injury was demonstrated in rats using gene constructs for deliv- 
ering neuronal nitric oxide synthase (the gene synthesizing the erection mediator 
nitric oxide) and brain-derived neurotrophic growth factor (38,53). 

The progress in this area is most exciting, suggesting multiple neuromodulatory 
directions which could be pursued for clinical advancement. While these strategies 
show promise, further investigation is needed in most instances before assigning 
their likely roles to the clinical arena. 


3.2 Clinical Trials 


Several clinical treatments have been proposed as offering potential therapeutic ben- 
efit as neuromodulatory drugs in the setting of radical prostatectomy. The rationale 
for their use has variably followed exciting results from preceding preclinical stud- 
ies in this scientific area or suggestions of potential benefit based on reports of 
therapeutic efficacy in clinical settings distinct from pelvic surgery or pelvic dis- 
ease conditions. The adherence to controlled clinical trial methodology to inves- 
tigate prospective therapies is most appropriate before claiming their true benefit 
clinically. 

A few clinical trials have been done in this area specifically. Corticosteroids have 
been briefly investigated, based on proposals that they would counteract inflamma- 
tory conditions associated with the surgery. In one study, the corticosteroid methyl- 
prednisolone was administered for a short course immediately following surgery 
(54) and in another betamethasone cream 0.1% was locally applied to the cav- 
ernous nerves at the time of surgery (55). Neither study demonstrated appreciable 
improvement compared with the absence of treatment up to 12 months postoper- 
atively. While there were no complications associated with either of these treat- 
ments, support for the use of corticosteroids with radical prostatectomy is lacking at 
this time. 

Immunophilin ligands, e.g., FK506 (tacrolimus) and its derivatives, have 
received a great deal of attention for this clinical purpose. Their potential use 
has been supported by successful findings resulting from the application of such 
agents in animal models of cavernous nerve injury (44-46). The mechanism of 
action of these drugs has remained elusive. Initial considerations were given 
to possible immune modulatory effects, based on the knowledge that the pro- 
totype FK506 has been used clinically as an immunosuppressant drug. How- 
ever, evidence in support of the fact that these drugs do not require calcineurin 
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inhibition to exert neuroprotection has dampened the fervor of this contention 
(56,57). A further consideration is that non-immunosuppressant immunophilin lig- 
ands have shown neuroprotective effects (56,57). In this light, current thought is 
that the drugs operate through specialized receptor proteins called immunophilins 
expressed in injured nerve tissue whereupon downstream intracellular events con- 
ceivably result in their beneficial effects (56-59). Recent studies have supported 
their anti-oxidative effects, as evinced by their ability to produce glutathione upreg- 
ulation (60,61). 

At the clinical trial level, a phase 2, multicenter, randomized, double-blind, 
placebo-controlled trial using the non-immunosuppressant immunophilin ligand 
GPI-1485 in approximately 200 preoperatively potent men undergoing nerve- 
sparing radical prostatectomy has been initiated to explore whether the treat- 
ment improves erectile function recovery beyond currently untreated conditions 
(62). Features of the study include both preoperative and postoperative dosing 
and the allowance of phosphodiesterase 5 inhibitor use on demand at | month 
following surgery. The study is designed to assess erectile function along with 
safety and pharmacokinetic profiles of the therapy for a duration of 12 months 
postoperatively. While final results of this major trial await analysis and report- 
ing, it is anticipated that they will support immunophilin ligands as a promis- 
ing neuromodulatory approach for radical prostatectomy. As well, it is certain 
that the trial will impart important, new insights regarding the conduct of clin- 
ical trials for the promotion of erectile function recovery following this pelvic 
surgery. 


4 New Frontiers in Molecular Neurobiology 


In the excitement of bringing promising neuromodulators to clinical practice not 
just for radical prostatectomy but additionally for other clinical conditions, a great 
deal of attention has been given to identifying molecular mechanisms underlying 
the neuroprotective and/or nerve regenerative effects of prospective neuromodula- 
tors. These mechanisms refer to such elements as nerve plasma membrane receptors, 
nerve membrane channels, subcellular molecules/transcription factors, and intracel- 
lular signaling pathways. A purpose in carrying out this line of research is that it 
may reveal exact target sites of convergence for developing effective neuromod- 
ulatory intervention. Such targets would ideally be exploited by currently avail- 
able drugs and compounds, and their identification may further direct the synthesis 
of neuromodulatory drugs that are predicted to be most advantageous for future 
study. It is acknowledged that much of this work has been done using in vitro 
neuronal cell culture systems, in which specific pharmacologic activation and inhi- 
bition methodologies were applied. Another tool, having particular relevance for 
the study of central neurodegenerative disorders, is the engineering and application 
of genetically manipulated mice targeting specific neuromodulatory cytokines or 
neurotrophic factors. 
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4.1 Signal Transduction Mechanisms 


In recent investigations exploring the molecular basis for neuromodulation, signif- 
icant focus has been given to the actions of survival kinase pathways and their 
associated transcription factors (Table 4). Nuclear factor-kB (NFkB) (63,64) and 
Ca**+/c AMP-response element binding protein (CREB) (65,66) are prominent intra- 
cellular signaling factors, which operate in the setting of apoptosis and in associa- 
tion with stimulated actions of neurotrophins. The NFkB transcription factor is pur- 
ported to exert anti-apoptotic effects in neurons by increasing Akt-1 activity, which 
affects Bcl-2-associated death protein (Bad) phosphorylation and Bcl-x; upregula- 
tion. Meanwhile, Akt-1 is also activated by phosphatidylinositol-3-kinase [PI(3)K], 
while Ras-mitogen-activated protein-kinases (MAPKs) and Signal Transducers and 
Activators of Transcription 5 (STAT-5) control Bcl-x, upregulation. Akt-1 activation 
is proposed to contribute to neuronal survival by stabilizing mitochondrial mem- 
brane potential and preventing the release of cytochrome c (67). Cytochrome c 
release from mitochondria supposedly signals the activation of a family of execu- 
tioner cysteine proteases (caspases) in concert with the occurrence of cellular death 
(68,69). CREB, which is activated by intracellular Ca** increases via Ca? chan- 
nels, serves to modulate the activities of NFkB, PI(3)K/Akt, MAPK, and STAT-5. 
Separately, with reference to the cell adhesion molecule pathway, the fibroblast 


Table 4 Molecular Effectors and Putative Mechanistic Targets 


Positive effectors (to be activated) Pathogenic mechanism 
Janus-tyrosine-kinase-2 Apoptosis 
Nuclear factor-kB Apoptosis 
Ras-mitogen-activated kinases Apoptosis 
Signal transducers and activators of transcription 5 Apoptosis 
Akt-1 (protein kinase B) Mitochondrial depolarization 
Apoptosis 
Ca?*+/cAMP-response element binding protein Apoptosis 
Excitotoxicity 
Neurotrophic factor deprivation 
Transforming growth factor-f Ischemia 
Excitotoxicity 
Oxidative stress 
Tyrosine kinase Neurite outgrowth 


Negative effectors (to be inhibited) 


Tumor necrosis factor-a Inflammation 

Interleukin-6 Inflammation 

Bel Apoptosis 

Cytochrome c Mitochondrial depolarization 
Caspases Mitochondrial depolarization 
Rho-kinase Neurite outgrowth 


N.B. This list is not meant to be exhaustive or complete. 
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growth factor receptor tyrosine kinase is identified as the primary signal transduc- 
tion molecule (18). 

A salient matter is that intracellular signaling pathways appear to be intricately 
linked as a basis for mediating the effects of neuromodulators. For instance, the 
neuroprotective effects of transforming growth factor-B (TGF B)1, which activates 
NFkB, result from cross-talk between the PI(3)K/Akt and MAPK/ERK 1/2 path- 
ways (70). Also, the novel neuroprotective cytokine erythropoietin acts by binding 
to its specific erythropoietin receptor, which dimerizes and becomes activated to 
autophosphorylate Janus-tyrosine-kinase-2 (JAK-2), a critical step toward phospho- 
rylation of several downstream signaling pathways (71-73). These signaling path- 
ways include MAPKs, PI(3)K/Akt, and STAT-5. JAK-2 further interacts with the 
NFkB signal transduction system in mediating the protection of cortical neurons 
by erythropoietin from excitotoxic- and nitric oxide-induced apoptosis (74). Fur- 
ther exemplified, androgens exert neuroprotective actions by activating MAPK/ERK 
while also increasing p90 kDa ribosomal S6 kinase (Rsk) phosphorylation and 
phosphorylation-dependent inactivation of Bad (75). 

Of further interest, neuromodulatory drugs may exert their actions employing 
alternative molecular routes resulting in neuroprotection. For instance, although 
erythropoietin perceptibly operates through its receptor pathway and then engages 
a likely signal transduction pathway in this fashion, it also induces both mRNA 
expression and the production of biologically active brain-derived neurotrophic fac- 
tor (BDNF) (76,77). BDNF expression in neuronal cells is induced by the activation 
of voltage Ca? channels and recruitment of CREB. Consequently, erythropoi- 
etin actions may directly oppose excitotoxic neuronal injury mechanisms (78) or 
deprived neurotrophic factor expression (79). 

For central neurodegenerative disorders specifically such as stroke and 
Alzheimer’s disease, recent studies have established the importance of several fac- 
tors and their signal transduction pathways. Such examples include TGF 6, which 
operates via serine/threonine kinase cascades; tumor necrosis factor-alpha (TNF a), 
which acts via a p55 receptor linked to a sphingomyelin-ceramide-NFKB pathway; 
and secreted forms of beta-amyloid precursor protein (beta APP), which employs 
receptor guanylate cyclase-cGMP-cGMP-dependent kinase K+ channel activation 
(80). Protein kinase C delta and epsilon are identified to exert roles in the apopto- 
sis following central ischemic events (81). Additional recently described novel sig- 
naling pathways with possible roles in central neurodegenerative disorders include 
the Wnt signaling pathway (82) and the nuclear transcription factor 2-antioxidant 
response element (Nrf2-ARE) pathway (83). 


5 Special Considerations 


Clinical progress advancing the concept of neuromodulatory drugs in other areas 
should help in bringing forward this intervention for radical prostatectomy. A his- 
torical review of clinical trial efforts in other disciplines is instructive. Clinical 
experience with the use of neurotrophins, for instance, suggests that significant 
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progress is still required before introducing this form of therapy to the setting of 
radical prostatectomy or elsewhere. Nerve growth factor has been investigated in 
phase II and III clinical trials for diabetic polyneuropathy and HIV-related neuropa- 
thy (84). Results have shown questionable efficacy for ameliorating symptoms, and 
the treatment could not be tolerated because of painful side effects. Ciliary neu- 
rotrophic factor, BDNF, and insulin growth factor-1 have also been studied for treat- 
ing amyotrophic lateral sclerosis, but they have demonstrated limited efficacy (85). 
Thus, prior work in the field for a seemingly promising form of intervention would 
be questionably offered for radical prostatectomy. In addition to worries that neu- 
rotrophic compounds may produce adverse effects elsewhere in the nervous system, 
issues persist as to whether such therapy may exert growth stimulatory effects on 
malignant cells. This latter issue arises because evidence exists to suggest that clas- 
sic neurotrophins and neuropeptide growth factors in preclinical models increased 
tumor invasiveness and enhanced growth of prostate cancer (86—88). Clearly, prior 
lessons learned in combination with seeming scientific limitations associated with 
the use of classic neurotrophins question the likely future use of these agents at a 
clinical therapeutic level for radical prostatectomy. 

Radical prostatectomy represents a special scenario for evaluating and advancing 
neuromodulatory therapy. As just stated, forthcoming therapies for this application 
must be assessed for their potential mitogenic risk with respect to prostate cancer 
cells that may have escaped the organ at local resection or were pre-existent as 
micrometastases before surgery. On the other hand, radical prostatectomy may offer 
advantages for the application of neuromodulatory therapy. One apparent advantage 
is that the occurrence of the injury is predetermined, affording a truly preventive 
opportunity for neuromodulatory intervention. Another conceivable advantage is 
associated with the peripheral circumstances of the injury. Accordingly, systemic 
therapy would not be required to cross the blood—brain/spinal cord barrier, as would 
be required with such administrations invoked in the treatment of brain and spinal 
cord injuries. In fact, a proposal for therapy is that it may be advantageously 
administered locally in the pelvic region at the time of surgery. Further, radical 
prostatectomy offers a unique experimental paradigm for furthering advances in 
neuromodulatory therapy. The paradigm is ideal in this respect, given the frequency 
with which this surgery is performed, its reproducibility, the predictability of nerve 
injury associated with it, its temporal characteristics in terms of the precise onset 
of the injury and a fairly well-defined time line for nerve function recovery, and the 
availability of a measurable endpoint to evaluate the success of the therapy, in this 
case erectile function restoration. 


6 Conclusion 


Neuromodulatory therapy for radical prostatectomy encompasses interventions 
which are either neuroprotective or nerve regenerative for the cavernous nerves 
injured at the time of the surgery. The therapy is meant to counteract the penile 
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neuropathy that ensues postoperatively, thereby maximizing the potential for rapid, 
complete erectile function restoration. The science of penile neurogenesis as well 
as concepts in molecular neurobiology applied to the penis are fruitful areas for 
scientific investigation and can be expected to guide the development of promising 
pharmacotherapeutic prospects in this field. However, forthcoming therapy in this 
clinical context may also derive from exciting non-pharmacologic options as well 
including stem cell therapy and electrical stimulation. Conceivably, these multiple 
dimensions of the field suggest their application not just independently but possibly 
in combination for a maximal therapeutic benefit. In all, it appear that enormous 
opportunities exist ahead to yield improved sexual function outcomes for patients 
undergoing radical prostatectomy. 
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Abstract While cavernous nerve preservation is ideal for optimal recovery of 
erectile function after radical prostatectomy, unilateral or bilateral nerve resection 
may be necessary in a given individual at increased risk for extracapsular exten- 
sion in order to achieve a negative surgical margin. In such patients cavernous nerve 
grafting with autogenous sural or genitofemoral nerve may improve recovery of 
erectile function. While pilot studies demonstrated efficacy in over 40% of men 
undergoing bilateral nerve grafting, more recent data have been more sobering with 
only 11% of men undergoing bilateral nerve grafting able to consistently obtain ade- 
quate erections. A randomized trial of unilateral nerve grafting has demonstrated no 
significant improvement in potency with unilateral sural nerve grafting. Ultimately, 
a randomized trial of bilateral nerve grafting will be necessary to determine its role 
in the management of men needing bilateral nerve resection at the time of radical 
prostatectomy. 


Keywords Nerve grafting; retropubic prostatectomy; erectile function recovery; 
penile rehabilitation. 


1 Introduction 


Cavernous nerve preservation is the cornerstone to regaining potency following RP 
(1-4). The cavernous nerve fibers arise from the spinal cord at S2—S4 and travel 
within the pelvic plexus, then coalescing within the neurovascular bundle located 
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posterolateral to the prostate in the groove between the rectum and prostate, reaching 
the corpora cavernosa distal to the prostatic apex. In patients at high risk of having 
extracapsular extension (ECE), resection of the neurovascular bundle is often neces- 
sary to optimize cancer control and achieve negative surgical margins. Postoperative 
potency is quantitatively related to the number of cavernous nerve fibers preserved at 
surgery (4). Recovery of potency has been reported at 55—76% with bilateral nerve- 
sparing versus 21-56% with unilateral nerve resection (4—6). Recovery of erectile 
function after bilateral wide resection is minimal (7,8). 

Quinlan and colleagues were first to perform genitofemoral nerve grafting in a rat 
model with bilaterally ablated cavernous nerves (9). At 4 months, the nerve-grafted 
rats had better erectile function than sham-treated controls. In 1999, Kim et al. 
reported the first pilot study in humans, reporting that 2/9 patients undergoing bilat- 
eral cavernous nerve grafts had erectile function sufficient for intercourse (10). In an 
update with at least 1-year follow-up, they reported that 10/23 (43%) patients had 
erections adequate for penetration using sildenafil with functional return delayed 
until at least 5 months, reaching a plateau at 18 months (7). These early reports 
of success have provided the foundation for subsequent studies of cavernous nerve 
grafting. 


2 Fundamentals 


Nerve regeneration is a complex, highly orchestrated process (17). Within hours of 
peripheral nerve injury, the distal end undergoes Wallerian degeneration, charac- 
terized by demyelination, and cell membrane degeneration and leakage of various 
neurotropic factors with subsequent phagocytosis by macrophages. The proximal 
nerve stump retracts to the level of the most proximal node of Ranvier and starts 
to sprout axons (12). Within 3 days of axotomy, the distal axonal membrane and 
surrounding Schwann cells are phagocytosed by macrophages. The macrophages 
and other surrounding cells elaborate cytokines and neurotropic factors that stim- 
ulate Schwann cells to proliferate. The new Schwann cells form conduits for the 
regenerating axons and provide neurotrophic stimuli allowing for appropriate den- 
dritic connections to be made with ultimate reinnervation of the end organ (13-15). 
Without Schwann cell stimuli, regenerating axons may grow inappropriately, fail- 
ing to reinnervate the end organ. Axonal regeneration is slow, occurring at only 
1-2 mmi/day, and end organ reinnervation is inversely proportional to the distance 
of regeneration. A nerve graft also experiences the same phagocytosis and Schwann 
cell proliferation which act as a guide for axonal regeneration by providing physical 
structural support and a favorable microenvironment. 

In animal models, researchers have explored a number of techniques which facil- 
itate nerve regrowth. Quinlan (9) was the first to apply genitofemoral nerve grafts 
to the cavernous nerves in a rat model, performing 3 mm cavernous nerve abla- 
tions bilaterally, and comparing nerve-grafted rats to those without nerve grafts. The 
grafted rats had significantly better erectile function at 4 months than controls, with 
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functional recovery in 50% versus 11%, respectively. Burger and colleagues (16) 
compared erectile function in rats with 3 mm bilateral cavernous nerve grafts which 
had local application of nerve growth factor (NGF) to bilaterally grafted rats with- 
out NGF, demonstrating 64% versus 33% of rats having erectile function. Cavernous 
nerve regeneration has also been demonstrated using silastic tube grafts; (17) May 
et al. (18) reported that silastic conduits lined with cultured Schwann cells restored 
erectile function comparable to sham controls. 

The rodent model has several short-comings. Rats are known to have excellent 
nerve regenerative capacity, the cavernous nerve is a more distinct entity than in 
humans, and the ability to create a large gap is limited. The canine cavernous nerve 
anatomy is more similar to that of humans. In dogs, the cavernous nerve is a plexus, 
rather than a distinct structure, containing both myelinated and unmyelinated fibers. 
Lowe and colleagues (19) performed 3 cm bilateral cavernous nerve ablation in 
dogs and on comparison of bilaterally grafted to non-grafted dogs, reported that 
grafted dogs had return of preoperative erectile function by 4 months while ablated 
animals still had significant deficits by 8 months. Further, histologic examination of 
the grafts at 8 months demonstrated evidence of regeneration in the mid and distal 
segments of the graft with minimal Wallerian degeneration in the distal cavernous 
nerve stump. Return of parasympathetic function has been demonstrated in humans 
with phrenic nerve grafts for vocal cords (20) and in cardiac transplantation (27). 
Even though the sural and genitofemoral grafts are myelinated, they undergo the 
same degeneration as described above, leaving proliferating Schwann cells whose 
basement membranes seem to be most important for regenerating nerves (14). 


3 Indications 


Assessment of the risk of ECE prior to RP is paramount to determination of the 
need for wide excision and hence nerve grafting. Using the information from the 
expanded sextant prostate biopsy regarding the number of positive cores and the 
length and percentage of tumor in each core as well as the Gleason score, along with 
preoperative PSA and DRE findings, we can estimate the probability of ECE using 
a nomogram (22,23). In addition, we frequently perform preoperative endorectal 
coil MRI of the prostate to evaluate tumor location and volume which may indicate 
the presence of ECE and preoperative planning for dissection of the neurovascu- 
lar bundle (24). Based on these data, we can advise patients at high risk for ECE 
or tumor close to the neurovascular bundle that nerve resection may be necessary to 
obtain complete tumor extirpation and clear surgical margins. Such patients who are 
potent may be offered a nerve grafting procedure in order to optimize recovery of 
potency and possibly continence. Patients are then consented for unilateral or bilat- 
eral nerve grafting using either the sural or the genitofemoral nerves. If the caliber of 
the genitofemoral nerves is inadequate, the sural nerve may be harvested. The final 
decision to widely resect the neurovascular bundles is made intraoperatively based 
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on the adherence of the neurovascular bundles to the prostate and the palpation of 
the tumor within the prostate. 


4 Surgical Technique 


The patient is placed supine on the operating table, and the right leg is prepped into 
the surgical field. Our radical prostatectomy technique has been described in detail 
elsewhere (25). In general, if the genitofemoral nerve is easily accessible and of suf- 
ficient caliber, generally 2-3 mm in diameter or larger, it is considered adequate for 
nerve grafting, otherwise the sural nerve should be used because its caliber is reli- 
ably large enough for the neural anastomosis. The advantage of use of a larger cal- 
iber nerve is that if the distal cavernous nerve stump is indistinct, the larger caliber 
donor nerve allows a greater margin for error in achieving a successful graft-to-distal 
stump anastomosis. Prior to the apical dissection and pedicle dissections, the distal 
and proximal nerve stumps are identified using the CaverMap stimulator (26,27). 
Prior to transection, the proximal nerve stump is marked with a 4-0 Prolene™ suture 
for identification later. The distal end may be marked with a 4-0 Prolene™ suture 
or double small clips to distinguish from a bleeding vessel at the time of transec- 
tion, with these removed at the time of neural anastomosis (Fig. 1 and Color Plate 
3, following p. 264). The prostate is removed, the bladder neck is matured, and the 
urethral anastomotic sutures are placed and protected. Final hemostasis is secured. 
The nerve graft is then performed (Fig. 2 and Color Plate 4, following p. 264). If the 
nerve stumps cannot be adequately identified, the nerve graft procedure is omitted 


d Distal stamp 
Right NVB 


Fig. 1 Intraoperative photograph showing the right distal neurovascular bundle stump with double 
clips to distinguish it from a bleeding vessel. These are removed at the time of neural anastomosis 
(See Color Plate 3, following p. 264) 
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Fig. 2 Intraoperative photograph showing the completed right cavernous nerve graft (See Color 
Plate 4, following p. 264) 


as close apposition of nerve endings is essential for graft success. Muneuchi et al. 
(28) have commented on their early experience with nerve grafting, reporting that 
sural nerve grafting was more difficult than expected with visualization of the distal 
end sometimes difficult and the ends of the recipient nerve not always fresh, high- 
lighting the importance of having an experienced plastic surgical team. The gap is 
measured between the nerve stumps, and an appropriate length of nerve, approx- 
imately 20% longer than the gap, is then resected so as to perform a tension-free 
anastomosis. If the sural nerve is used, a curvilinear incision is made superior and 
posterior to the lateral malleolus and up to 30 cm of sural nerve is harvested (10). 
When the sural nerve is harvested, the proximal and distal sural nerve stumps are 
thoroughly cauterized to prevent neuroma, then buried deeply within the gastrocne- 
mius muscle. The grafts are trimmed to the appropriate length and anastomosed to 
the nerve stumps using 7-0 Prolene interrupted sutures through the epineurium with 
the orientation of the donor nerve reversed to avoid blind ending nerve fascicles. 
At this point, 2.5—-3.5 x loupe magnification are mandatory to optimally identify the 
nerves in the neurovascular bundle. Upon completion of the neural anastomosis, 
suction is used sparingly to avoid disruption of the graft anastomosis with a trap 
placed on the suction tubing. The bladder neck closure and vesicourethral anasto- 
mosis is then completed, drains are placed, and the abdomen is closed. In the event 
of unilateral nerve grafting, a single Jackson—Pratt drain is placed in the contralateral 
obturator fossa and in the event of bilateral nerve grafting, bilateral Penrose drains 
are placed. There are no special postoperative considerations except foot elevation 
when the sural nerve is harvested with no restrictions on postoperative ambulation. 
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Laparoscopic and robot-assisted nerve graft procedures have been described 
(29-32), but the long-term efficacy is not yet established. 

CaverMap™ nerve stimulation is controversial in terms of ultimate erectile 
outcome prediction, but it has been shown to have excellent sensitivity for iden- 
tifying the neurovascular bundles. In a multi-institutional trial, Klotz et al. (27) 
reported improved erectile function at 12 months as measured by RigiScan and 
Sexual Function Inventory Questionnaire. Walsh and coworkers (33) found that the 
CaverMap™ device was able to identify the neurovascular bundle with a sensitivity 
and specificity of 88 and 54%, respectively, while Kim and colleagues (34) reported 
a sensitivity of 77%. Rabbani et al. have reported that the degree of response to 
intraoperative stimulation was associated with erectile function recovery (35). 

Based on cadaveric studies, Takenaka et al. (36) have recently suggested that the 
pelvic splanchnic nerve fibers may join the neurovascular bundle as the cavernous 
nerve distal to the vesicoprostatic junction, the most usual place that the proximal 
stump is located and anastomosed during nerve grafting. These authors showed a 
“spray-like” distribution of nerve fibers entering the neurovascular bundle at various 
points along its course. They suggested that nerve stimulation be conducted at the 
presacral and pararectal regions in addition to the proximal and distal neurovascular 
stumps to identify the areas of best stimulation so that the nerve graft will perform 
most effectively. 

Graft-related complications are rare (7,8,37,38). They include neuroma, mild 
paresthesia, along the nerve distribution, and sympathetic dystrophy in the ipsilat- 
eral lower limb. 


5 Results 


Bilateral nerve grafting was first reported by Kim et al. (10) using sural nerve grafts 
for cavernous nerve interruption during RRP in humans, reporting that 1/9 patients 
had return of medically unassisted erections adequate for intercourse, and two addi- 
tional patients had erections just below the normal threshold established by the Inter- 
national Index of Erectile Function (IEF) (39). In a later update with a minimum 
of 12 months of follow-up, Kim and colleagues reported on 23 patients that 6/23 
(26%) had medically unassisted erections (40). An additional four patients were 
able to have intercourse using sildenafil, yielding a total of 43% with return of sex- 
ual function in their series, and providing proof of concept. Functional return did 
not start until 5 months and plateaued by 18 months postoperatively. There were no 
graft-related complications, but both operative time and blood loss were higher in 
the grafted cohort. Chang et al. studied 30 patients with locally advanced prostate 
cancer who underwent RRP with bilateral wide neurovascular bundle excision with 
sural nerve grafting (8). The authors used penile rehabilitation starting 6 weeks post- 
operatively with RigiScan testing to document erectile function. They found that 
13/30 (43%) were eventually able to have intercourse, and 7/13 were able to do so 
without medical assistance. 
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More recent data do not appear to be as promising as earlier reports. Secin et al. 
(41) reported that 34% of bilaterally nerve-grafted patients had recovered erections 
sufficient for penetration at 5 years, and only 11% of the cohort were able to consis- 
tently obtain erections adequate for intercourse. These inferior results may be due to 
less stringent selection criteria, differing degrees of patient motivation, and poten- 
tial differences between genitofemoral and sural nerve grafting success due to the 
difference in the caliber of the nerves. 

While bilateral nerve grafting clearly may have some benefit, some have ques- 
tioned the efficacy of unilateral nerve grafting. In a recent editorial, Kim and 
Scardino (37) argued that since approximately 30% of patients with unilateral nerve- 
sparing were able to have medically unassisted intercourse compared to 55% of 
those who received unilateral nerve grafts, unilateral nerve grafting essentially has 
the same results as bilateral nerve-sparing surgery. At Memorial Sloan Kettering 
Cancer Center between 1998 and 2002, 108 patients underwent unilateral nerve 
grafting after unilateral nerve resection and were compared with patients undergo- 
ing bilateral nerve-sparing and with a historical cohort of patients undergoing uni- 
lateral nerve resection without grafting. At 4 years, 40% of unilateral graft patients 
had return of erections by IEFF erectile function (EF) domain score > 17, compared 
to 80% with bilateral nerve-sparing, and 25% with unilateral nerve-sparing without 
grafting (42). Canto et al. (43) have reported that 12/41 patients with unilateral sural 
nerve grafts regained potency compared with 3/34 with unilateral nerve-sparing 
without grafting when erectile function was defined as greater than or equal to 17 
on the IEFF-EF domain score. Saito et al. (44) found that the postoperative sexual 
function score of unilaterally grafted patients showed an intermediate level of recov- 
ery between those of men with bilateral nerve-sparing and unilateral nerve resection 
without grafting at 12 months and reached the same level as the score at 12 months 
of the bilateral nerve-sparing group at 18 months postoperatively. The difference in 
the sexual function score between the grafted and non-grafted men with unilateral 
nerve resection began to appear after 6 months postoperatively and increased with 
time. As this study was not randomized, the grafted men were younger with bet- 
ter preoperative erectile function than non-grafted men, possibly accounting for the 
difference in results seen in men with and without grafts. 

Some authors have postulated that nerve grafting may also aid in recovery of 
continence. Singh and coworkers (38) compared the urinary functional outcomes 
of 40 unilateral nerve graft patients to that of 40 unilateral nerve-sparing patients 
who did not undergo grafting. They defined continence as completely dry or occa- 
sional leakage of a few drops, and noted that 95% of patients with unilateral nerve 
grafting were continent at 12 months compared to 58% without grafts. Additionally, 
the authors found the UCLA Prostate Cancer Index (PCI) score as being better; the 
median score was almost tenfold higher for patients receiving unilateral nerve graft- 
ing compared to those who had unilateral nerve-sparing with no nerve graft and only 
one nerve bundle spared, even when age was entered into the model as a covariate. 

Important limitations exist in human studies of cavernosal nerve grafting. To date, 
most series have been modestly powered, retrospective single institution experiences. 
Interim analysis of a randomized phase II trial of unilateral nerve grafting versus no 
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grafting in men undergoing unilateral nerve-sparing prostatectomy has revealed no 
statistical difference between the two arms at 2 years (44% potency rate for nerve 
grafting versus 43% for no grafting, p = 0.974) (44). Nocturnal penile tumescence 
testing with RigiScan revealed no difference in either group at 8, 12 or 16 months 
compared to the baseline measurements taken at 4 months (45). Also, there was no 
difference in recovery of penile length between the two groups (45). Patient selection 
for unilateral nerve grafting may account for much of the reported potency recovery 
advantages (46). These patients tend to be young and sexually active preoperatively, 
and may be more motivated toward penile rehabilitation following RRP. 


6 Conclusions 


Bilateral cavernosal nerve grafting appears to have some benefit in preservation of 
potency and potentially urinary continence in patients undergoing wide neurovas- 
cular resection at prostatectomy for locally advanced prostate cancer. The use of 
unilateral nerve grafting, while technically feasible, is controversial, but may poten- 
tially have an impact on erectile and urinary function recovery although a recent 
randomized trial showed no improvement in recovery of erectile function. More 
recent studies have shown inferior results compared to earlier pilot studies, possibly 
due to less stringent patient selection as well as possible differences between sural 
and genitofemoral nerves being used as the donor nerve. Ultimately, randomized 
trials are necessary to determine the role of nerve grafting. In the future, possible 
use of adjuncts such as neurotrophic growth factors may augment nerve grafts. 
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Abstract Despite modified surgical techniques including nerve-sparing procedures 
radical prostatectomy (RP) is a significant source of long-term erectile function 
impairment which can be caused by cavernous nerve trauma, insufficient arterial 
inflow, hypoxia-related and neuropraxia-associated damage to erectile tissue result- 
ing in veno-occlusive dysfunction. An increasing understanding of the pathophys- 
iological mechanisms leading to post-RP erectile dysfunction (ED) has provided 
concepts for prophylaxis and rehabilitation of erectile function. Penile rehabilitation 
is the term given to the concept that we can use medications to prevent the structural 
damage that erectile tissue undergoes after radical pelvic surgery, while nerve recov- 
ery occurs. Rehabilitation revolves around two strategies, regular phosphodiesterase 
type 5 inhibitor (PDESi) use and early postoperative erectile regeneration. The rea- 
son and the logical background to use the PDESi drug category as prophylaxis for 
erectile function preservation after RP are not fully understood yet. Supported by 
experimental and clinical data the postulate is that PDESi might have a positive 
effect on endothelial protection, neurogenesis, and cavernosal smooth muscle pro- 
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tection involving neuronal and endothelial regeneration, lowering apoptosis, and 
recovery of nocturnal erections thus inducing cavernosal oxygenation in an effort 
to protect the erectile tissue. The current literature also sustains data that an early 
postoperative erection may optimize the functional rehabilitation by improving cav- 
ernosal oxygenation and preventing hypoxia-induced corporal fibrosis. Besides the 
oral use of PDESi alternatives are available including transurethral suppositories, 
vacuum erection devices, and intracavernosal injections complementing the reha- 
bilitation strategies. Based on the current evidence from human and animal studies 
there is a strong signal for a positive effect of a prophylactic penile rehabilitation 
after RP which may translate into greater preservation of erectile function. However, 
a formal analysis of what the optimal rehabilitation program represents, remains 
unsettled to date. Large prospective multi-center, randomized, placebo-controlled 
studies in the future will hopefully be able to answer question about an optimal 
dosing, a time frame for the application, duration and form of the use, and maybe 
differences between the different medications. Further, supportive managements 
including cavernous nerve reconstruction and neuroprotection stratagems are under 
investigation finding their place of value in the future. Comprehensively, for a suffi- 
cient erectile rehabilitation after RP it needs a well-informed patient who is highly 
motivated to follow a medical regimen and is willing to pay for it to maintain sexual 
quality of life after a potential curative cancer treatment. 


Keywords Penile rehabilitation; cavernosal oxygenation; phosphodiesterase type 
5 inhibitor; post-radical prostatectomy erectile dysfunction; endothelial protection; 
neurogenesis; cavernosal smooth muscle protection. 


1 Introduction 


Prostate cancer is the leading cancer in men older than 50 years of age. Curative 
treatment options include a surgical approach in form of a radical prostatectomy 
(RP) or radiation. With regards to PSA-free survival and long-term survival overall, 
radical prostatectomy (RP) appears to be the “gold standard” for prostate cancer 
therapy (1). Of all men presenting with erectile dysfunction (ED) it is estimated 
that 10% suffer this condition as a result of pelvic surgery (2). Despite modified 
surgical techniques for RP and the advent of nerve-sparing procedures a signifi- 
cant percentage of men continue to suffer from ED following RP. According to 
the literature a major discrepancy exists regarding postoperative potency rates cit- 
ing the occurrence of spontaneous erectile function rates between approximately 
20 and 90% (3). RP is a significant source of long-term incontinence and erectile 
function impairment. 
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2 Pathophysiology of Erectile Dysfunction After Radical 
Prostatectomy 


Generally, post-RP ED can be caused by cavernous nerve trauma, insufficient arte- 
rial inflow, hypoxia-related and neuropraxia-associated damage to erectile tissue 
resulting in veno-occlusive dysfunction. Finally, a small group of men have long- 
term ED that is predominantly psychogenic in nature. 


2.1 Neural Trauma 


A major factor for the development of postoperative ED is neural insufficiency due 
to surgical manipulation during the operation (4). The time interval for erectile func- 
tion (EF) recovery is individual and depends on the severity of the intraoperative 
trauma to the neurovascular bundle (5). Due to the hypothesis that the neural trauma 
is generally not complete and irreparable, improvement of erectile function may be 
expected up to 24 months after surgery (6). Mild trauma by handling the nerve fibers 
may lead to a neuropraxia, which may recover within months. However, more severe 
damage will not heal at all or may need much longer time to regenerate. Even neuro- 
praxia may result in structural changes in the corporal bodies influencing the poten- 
tial revitalization of the erectile tissue (7—9). In a rat cavernous nerve trauma model, 
even nerve exposure alone without any direct manipulation has been shown to result 
in a significant reduction in intracavernous pressure generation in response to cav- 
ernous nerve stimulation (10). This suggests that there are mechanisms other than 
direct handling or stretching of the nerves that play a role in ED development, per- 
haps reactive oxygen species, inflammatory mediators, and/or peri-neural scarring. 
Supported by strong data from the literature the greater the volume of nerve tissue 
preserved the better the spontaneous EF recovery and the better the response to oral 
pharmacotherapy (11—13). An important factor is the patient’s age. Men younger 
than 60 years of age appear to have a faster recovery of the neuromuscular function 
because of their better biological neuroplasticity (14-16). 

Neural injury in the penis has been shown to result in three distinct penis- 
threatening events: (i) smooth muscle and endothelial apoptosis, (ii) an increase 
in the production of fibrogenic cytokines especially TGF-B, and (iii) collagen depo- 
sition. In pioneer work, Klein et al. were able to document a significant increase in 
inter-nucleosomal DNA fragmentation as a marker for apoptosis in the denervated 
penile erectile tissue of the rat after bilateral CN neurotomy compared to sham ani- 
mals (17). The finding of increased penile smooth muscle apoptosis induced by 
neural CN injury was confirmed by several other working groups. Using a bilat- 
eral CN crush injury model in rats, Mulhall and Mueller et al. documented a more 
than sixfold reduction in smooth muscle—collagen ratio and a significant increase 
in apoptosis (10% in sham vs. 63% in nerve crush, p < 0.001) within the corporal 
tissue at 28 days after CN injury (18). 
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In a similar animal model User et al. showed that a bilateral CN neurotomy 
induced significant apoptosis, while unilateral surgery caused significantly less 
apoptosis (7). The apoptosis occurred mostly in smooth muscle cells and showed 
an apoptotic clustering just beneath the tunica albuginea. The authors concluded 
from their findings that the sub-tunical location of apoptotic smooth muscle cells 
was a mechanism for veno-occlusive dysfunction observed after radical prostate- 
ctomy. At 45 days in rats after bilateral CN resection, Ferrini et al. demonstrated 
veno-occlusive dysfunction measured by the drop rate during dynamic infusion cav- 
ernosometry as well as a 60% reduction in the smooth muscle—collagen ratio, and 
a threefold increase in intracorporeal apoptosis compared to sham animals (19). 
Furthermore neural damage by bilateral CN incision 3 months later resulted in 
hypoxia and fibrosis in rat corpora cavernosal (8). Leungwattanakij et al. demon- 
strated in the neurotomy group compared to sham animals an increase in transform- 
ing growth factor-6,, hypoxia-inducible factor-lalpha, and collagen III synthesis 
using Western blot analysis and immunohistochemical staining in rat caver- 
nosal smooth musculature concluding that cavernous fibrosis may be reduced 
by vasoactive drugs or strategies to augment corporal oxygenation during the 
postoperative period. 


2.2 Arteriogenic ED 


The primary rationale for post-RP arteriogenic ED lies in injury to accessory puden- 
dal arteries (20). The term “accessory pudendal artery” refers to any artery that 
arises from a source above the levator ani and travels toward the penis infrapubi- 
cally. The supradiaphragmatic location of APAs puts them at risk of injury during 
extirpation of the prostate. They typically originate from the obturator, vesical, and 
femoral arteries, among others. Those originating from extrapelvic arteries, like the 
femoral arteries, have been described in cadaveric dissection studies. Intrapelvic 
APAs are identified in the periprostatic region running parallel to the dorsal vascu- 
lar complex and extending caudally toward the pubic symphysis (Fig. | and Color 
Plate 5, following p. 264). The arteries traveling with the cavernous nerves and 
corona mortis (an anatomic variant—if present, it is an anastomotic branch between 
the inferior epigastric or external iliac artery and the obturator artery) (21,22), and 
the artery/ies running the depth of the dorsal vascular complex (retrograde branch 
of the pudendal artery that irrigates the anterior surface of the prostate and bladder 
neck) (23) are not considered APAs. 

A review of the relevant literature suggests that the prevalence of these APAs 
varies from 4 to 75%, depending on how the arteries were identified at the time of 
open or laparoscopic prostatectomy; angiographically during internal pudendal or 
internal iliac artery flush; or during cadaveric dissection (24-33) (Table 1). 

Gray et al. performed angiographies of the iliopudendal vascular tree for the 
evaluation of impotence in 73 patients (28). Accessory arteries were present unilat- 
erally in 14% and bilaterally in 7% of the patients. Rosen et al. performed selective 
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Fig. 1 Intra-operative photograph taken during laparoscopic radical prostatectomy demonstrating 
bilateral accessory pudendal arteries (See Color Plate 5, following p. 264) 


Table 1 Accessory Pudendal Arteries (APAs) 


Author Year 
Matin (26) 2006 
Secin (25) 2005 
Rogers (33) 2004 
Polascik (32) 1995 
Droupy (29) 1999 
Rosen (27) 1990 
Gray (28) 1982 


Benoit (30) 1999 
Breza (31) 1989 


No. of 
patients 


70 


Incidence of APA 


APA (%) 
26 
30 


4 


preserved (%) 
78 
83 

100 
79 

NR 

NR 

NR 


NR 
NR 


Type of study 


Laparoscopic radical 
prostatectomy 
Laparoscopic radical 
prostatectomy 

Radical retropubic 
prostatectomy 

Radical retropubic 
prostatectomy 

Transrectal color Doppler 
ultrasound 

Angiography 

Angiography 

Cadaveric dissection 

Cadaver dissection 


NR: not reported. 


bilateral internal pudendal angiography in 195 men who were suspected of having 
arteriogenic impotence (27). The researchers found substantial variation in the ori- 
gin of the internal pudendal artery, with APAs recognized in 7% of the patients. In 
all cases, APAs provided the main blood supply to the penile artery. 
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Cadaveric dissections have rendered much higher APA identification rates. Breza 
et al. dissected the pelvic vasculature in ten cadavers and found APAs present in 
seven of them (31). In four of the cases, the APAs were found to be a major source 
of arterial inflow to the corpora cavernosa, and in one of the subjects the APA was 
the sole source of erectile arterial inflow. 

Similarly, Benoit et al. reported a 70% incidence of intrapelvic APAs based on 
cadaveric dissections (30). They identified 33 APAs in 20 cadavers, including at 
least 1 APA in 17 of the 20 (not all of them intrapelvic). In eight cadavers, only 
one accessory pudendal artery was present, but in nine of the cadavers APAs were 
present bilaterally (two arteries in five, three in one, and four in three cases). The 
APAs originated from the inferior vesical artery in 46% of cases, from the obturator 
in 36%, and from the external pudendal artery in 18%. In 15% of cases the penile 
arterial inflow originated exclusively from APAs. 

Intrapelvic APAs have been identified in 26-30% of patients undergoing LRP, 
and 4% of patients undergoing open retropubic radical prostatectomy (25,26,32). 
Of the 30% of patients undergoing LRP who had APAs, it is possible to preserve 
83% of the arteries, with 89% preservation rate for lateral APAs and 79% for api- 
cal arteries. The side-specific incidence of positive surgical margins was 3% when 
APAs were preserved and 6% when not preserved (p = 0.5) (25). Droupy et al. per- 
formed preoperative transrectal color Doppler ultrasound on 12 patients with normal 
erectile function who were undergoing radical pelvic surgery to assess APA pres- 
ence and function (27). APAs were identified in 75% of the patients. Pharmacologi- 
cally induced erections performed concurrently demonstrated that the hemodynamic 
changes in the APAs were similar to those described in the cavernous arteries, sup- 
porting the concept that APAs play a functional role in penile erection. However, 
those authors were unable to make decisive functional conclusions because they 
could not preserve any of the nine APAs during the open RP (n = 10) or radical 
cystoprostatectomy (n = 2). They stated that “it was impossible to over-sew effec- 
tively the distal part of the dorsal venous complex without damaging the accessory 
pudendal artery.” 

It is likely that the magnification permitted by the laparoscope has contributed to 
the difference in APA identification rates between open and laparoscopic surgery. 
It is also probable that angiography defines APAs that are not readily visible 
to the naked eye or laparoscope. And without the need for hemostasis, cadav- 
eric dissection is not hampered by the usual concerns that affect intraoperative 
visualization. 

Between 1987 and 1994, the research group at Johns Hopkins found APAs in 
only 4% of 835 patients undergoing RP (32). After development of the surgical 
technique, preservation of APAs was possible in 19 of 24 patients (79%). On assess- 
ment of EF, there was little difference between those who had APAs preserved (67%, 
n = 12) and those who did not (50%, n = 10). At the time, the authors concluded 
that APA presence was rare; that although preservation was possible in the major- 
ity of patients, it was associated with excessive dorsal vein complex bleeding; and 
that because no significant difference in erectile function was seen with preserva- 
tion, routine APA preservation may not be productive. Nine years later, the same 
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group compared EF outcomes between patients who underwent nerve-sparing RP 
without APA preservation and those who underwent nerve-sparing surgery with 
simultaneous preservation of APAs (33). They cited a trend toward a statistically 
significant difference in EF recovery in those who had APA preservation (93%) 
compared with those who did not (70%). In a control group of patients without 
APAs, EF recovery was seen in 81%. 

The accumulating evidence supports the concept that APA preservation plays a 
role in EF recovery post-RP. The difficulty lies in deciding which arteries should 
be preserved and which can be sacrificed. Thus, defining that the role of APAs 
in EF recovery will require an intraoperative analysis of the functional role of 
these vessels (we are using intraoperative penile Doppler before and after APA 
clamping to evaluate their contribution to penile irrigation), which is currently 
ongoing in our institution. Mulhall et al. (79) in a study that included preop- 
erative and serial postoperative erectile hemodynamic assessment demonstrated 
that 60% of postoperative impotent men with normal preoperative erectile vascu- 
lar status demonstrated postoperative bilateral arterial insufficiency, and 40% had 
venous leak (34). Further, they showed that these vascular abnormalities did not 
improve over the 24 months after surgery. In a later analysis using vascular test- 
ing of men presenting after bilateral nerve-sparing RP, 96 men with a mean age 
of 54 years were studied (35). Patients were divided into four groups accord- 
ing to the timing of their postoperative vascular studies (<4, 4-8, 9-12, >12 
months). Normal vascular status was diagnosed in 35% of the study participants; 
arterial insufficiency was present in 59%, and venous leak in 26%. No difference 
in incidence of arterial insufficiency was noted between the four groups. However, 
there was a significant association between postoperative time and the incidence 
of venous leak: 14% experienced venous leak less than 4 months after surgery, 
and 35% after the eighth postoperative month. The correlation between vascu- 
lar diagnosis and return of functional erections was even more pronounced: 47% 
of the patients with normal hemodynamics were capable of having sexual inter- 
course postoperatively without the assistance of an erectogenic medication, ver- 
sus 31% of those with arterial insufficiency and only 9% of patients with venous 
leak. 

Montorsi et al. in a randomized, controlled study assessing the utility of early 
postoperative intracavernosal injections demonstrated that 33% of those in the treat- 
ment arm and 80% of those in the control arm failed to recover erectile function at 
6 months post-RP (36). The majority of failures had venous leak on duplex Doppler 
ultrasound. More recently, a study (also using duplex Doppler ultrasound) of 111 
men with postoperative EF found that 71% had abnormal erectile hemodynamics 
and 15% of the total had venous leak (37). At 18 months post-RP there were signifi- 
cant differences between those with normal and those with abnormal hemodynamics 
in relation to self-reported erectile rigidity and International Index of Erectile Func- 
tion (IEF) EF domain scores. The study also demonstrated that there was a strong 
correlation not only between peak systolic velocity and EF domain score (r = 0.48, 
p = 0.018) but also between end diastolic velocity and EF domain score (r = 0.36, 
p = 0.025). 
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Thus, given the accumulating evidence in favor of arterial insufficiency as a con- 
tributor to ED in patients after RP, renewed attention has been focused on accessory 
pudendal arteries. 


2.3 The Concept of Cavernosal Oxygenation 


During erection increasing arterial inflow of oxygen rich blood leads to an increase 
of penis pressure and volume. This expansion of the erectile tissue leads finally to an 
occlusion of the subtunical venules resulting in a firm erection (38). During the cav- 
ernous blood pooling there is a shift from venous pO, (25—40 mmHg) in the flaccid 
state to arterial pO, (70-100 mmHg) under full erection (39). Inducing a receptor- 
mediated cascade prostaglandin E; (PGE;) leads to smooth muscle relaxation via 
the second messenger cyclic adenosine-monophosphate (CAMP). Both pathways 
seem to be modulated by oxygen saturation of the corpora cavernosa. This has led to 
the hypothesis that nocturnal tumescence is protective for erectile function preserva- 
tion. Experimental (in vitro) data have shown that a one time activation of the PGE, 
cascade mediated by cAMP was able to suppress the induction of collagen synthesis 
by repressing transforming growth factor-beta 1 (TGF-B)) activity sufficiently (40). 
The development of corporal fibrosis may be dependent on intracavernosal pO? lev- 
els. Hypoxic conditions led to increased TGF-B; production, which is presumed 
to result in collagenization of the corporal smooth muscle (41—43). These data are 
supported by the finding of an increase in hypoxia inducible factor-1 (HIF-1a) and 
TGF-6; as well as increase in cavernous tissue collagen synthesis after cavernous 
nerve injury in a rat model (8). 


2.4 Corporo-venoocclusive Dysfunction 


Appropriate corporal smooth muscle expandability guarantees a functional veno- 
occlusive mechanism with a sufficient occlusion of the subtunical venules against 
the tunica albuginea (44). Malfunction of the smooth muscle due to structural alter- 
ations of the erectile tissue results in veno-occlusive dysfunction or venous leak. 
Structural changes are likely based upon corporal smooth muscle collagenization 
and fibrosis which seem most likely due to either apoptosis associated with neural 
injury, and/or disuse atrophy of the erectile tissue possibly related to the absence 
of cavernosal oxygenation (7). The occurrence of venous leak development post-RP 
appears to be time-dependent. The incidence of venous leak after RP in patients with 
good preoperative erectile function who did not receive any post-operative pharma- 
cotherapy was 14% < 4 months and 35% between 9 and 12 months postoperatively 
(35). More recent data indicate that the post-RP penile vascular status is predictive 
of return of spontaneous erections, degree of erectile rigidity, and response to silde- 
nafil whereby in the presence of abnormal end diastolic velocity values the prognosis 
seems poor for the return of functional erections (37). A sufficient veno-occlusive 
apparatus is a major determinant of successful use of vasoactive therapeutics. 
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2.5  Psychogenic Mechanisms 


Among all other potential reasons for post-RP ED psychogenic mechanisms have 
received little attention (45,46). However, there is a subpopulation of patients 
post-RP who suffer long-term erectile function changes after 24 months that are 
related to the erosion of confidence a man experiences over the course of 12—24 
months of ED. This is likely one of the reasons for the continued improvement seen 
in erectile function between 24 and 48 months after surgery. The classic scenario 
is a man 24 months after RP who complains of no erection in the bedroom during 
attempted relations, however, he experiences excellent nocturnal erections. The dis- 
crepancy between the two erections is adrenaline-mediated and this has the potential 
to improve with time and confidence restoration. 


3 Penile Rehabilitation of the Erectile Function After Radical 
Prostatectomy 


An increasing understanding of pathophysiological mechanisms leading to post-RP 
ED despite nerve-sparing surgery has provided concepts for prophylaxis and reha- 
bilitation of erectile function (47). The concept of corporal damage caused by a 
lack of oxygenation to the erectile tissue has motivated the introduction of medical 
support to improve an early post-RP blood supply to the penis. Penile rehabilita- 
tion is the term given to the concept that we can use medications to prevent the 
structural damage that erectile tissue undergoes after radical pelvic surgery, while 
nerve recovery occurs. Rehabilitation revolves around two strategies, regular PDES 
inhibitor use and early postoperative erection generation (with oral, transurethral, or 
intracavernosal agents). 


3.1 Data Supporting the Concept of PDES Inhibitor 
Rehabilitation 


The introduction of phosphodiesterase type 5 (PDES) inhibitors has revolutionized 
the management of ED in general. The efficacy of PDES inhibitors for the treatment 
of post-RP ED has recently been studied. At present three PDES inhibitors are in 
clinical use worldwide including sildenafil (Viagra™), vardenafil (Levitra™), and 
tadalafil (Cialis™). The reason and the logical background to use this drug category 
as prophylaxis for erectile function preservation after RP are not fully understood 
yet. The postulate is that PDES inhibitors might improve neuronal and endothelial 
regeneration, lower apoptosis, and recover nocturnal erections and thus induce cav- 
ernosal oxygenation in an effort to protect the erectile tissue. 
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For an effective use of the PDES5 inhibitors, neuronal and endothelial nitric 
oxide (NO) release is necessary which makes the presence and preservation of cav- 
ernous nerve fibers essential. However, it is not clear whether such nerve function is 
required for the myoprotection that PDESi appear to accomplish. Thus, only patients 
who have undergone a nerve-sparing procedure are expected to respond to these 
agents with a functional erection at least early after surgery. Sexual stimulation 
leads to NO release from intracorporeal cavernous nerve terminals and from the 
endothelium. NO diffuses into the smooth muscle cells and activates the enzyme 
guanylate cyclase, which catalyzes the reaction from guanosine triphosphate to 
cyclic guanosine monophosphate (cGMP). cGMP as a second messenger activates 
specific protein kinases leading after further intracellular cascades to a reduction 
of intracellular calcium which finally results in smooth muscle cell relaxation. 
cGMP is under the influence of the enzyme phosphodiesterase type 5 which usually 
degrades cGMP. 


3.2 Endothelial Protection 


One of the first indications that PDES inhibition may have a positive impact on 
endothelial function is the fact that the incidence of myocardial infarction was lower 
in sildenafil arms of the phase I-IV trials compared to the placebo arms (0.56/100 
patient-years vs. 0.84/100 patient-years). Desouza et al. in 2002 published data that 
unequivocally demonstrated the positive effect of sildenafil on endothelial function 
(48). In 14 patients with ED and type 2 diabetes, the acute and chronic effect of 
sildenafil on flow-mediated dilation (FMD) was investigated. All patients received 
both sildenafil and placebo in a staggered fashion. Baseline FMD was measured 
and then 1 h after administration of placebo or 25 mg of sildenafil, FMD was 
re-measured and significant improvement in brachial artery diameter was seen in 
the sildenafil arm (15% vs. 8%; pre-treatment was 8%). In the chronic phase of 
the study, patients received 14 nights of sildenafil 25 mg or placebo (all patients 
received both agents at different times) and 24 h after the last dose had FMD mea- 
sured again. Once again sildenafil resulted in significant changes in FMD (14% vs. 
9%; pre-treatment was 8%). Thus, sildenafil appears to have a significant effect on 
endothelium even at a time point beyond its duration of action (half-life of 4 h; 
present in serum for 4—5 half-lives). This has been confirmed at the basic level by 
our laboratory and others by demonstration that sildenafil administration results 
in the activation of the PI3/AKT/eNOS pathway, a key regulator of endothelial 
function (49). More recently, Rosano et al. evaluated 32 men with increased car- 
diovascular risk (men with ED with more than 2 risk factors for coronary artery 
disease causing a 10-year CV risk >20%) using FMD who were randomized to 
either tadalafil 20 mg every other day or placebo (50). At 4 weeks tadalafil sig- 
nificantly improved FMD from 4 to 9% (change between pre- and post-occlusion 
brachial artery diameters). The improvements with tadalafil were sustained at 6 
weeks, i.e., 2 weeks after cessation of the medication. These data mirror the silde- 
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nafil in that significant improvements were seen in endothelial function (approx- 
imately a doubling of degree of vasodilatation) even beyond the survival of the 
drug within the body. These findings suggest that the impact of PDES inhibitors on 
endothelium at the cellular level may be self-sustaining long after the drug has been 
metabolized. 

The RhoA/Rho-kinase pathway plays a supportive role in the modulation of the 
contractile smooth muscle tone in the flaccid penis and it seems that this pathway 
might represent a promising alternative therapeutic target for ED treatment. The 
RhoA/Rho-kinase pathway supports the noradrenergic dominance of smooth mus- 
cle contraction in the flaccid state of the penis through phosphorylated inhibition 
of the myosin phosphatase leading to increased sensitization of myofilaments to 
basal cytoplasmic Ca ion concentration (51). In vivo Rho-kinase inhibition stimu- 
lates rat penile erection independently of NO and causes relaxation in vitro (52). 
Molecular studies in human corpora cavernosa have documented a high expression 
of RhoA contributing to the RhoA-mediated Ca sensitization in the flaccid state of 
the penis (53). Mulhall and Muller et al. documented in a bilateral CN crush injury 
model in rats an endothelial protective effect in the tissue of the corpora cavernosa 
with daily use of sildenafil. Using immunohistochemical staining for endothelial 
factors including the antibodies for CD31 and eNOS both staining levels were sig- 
nificantly reduced by CN injury compared to sham animals (p < 0.05). Thus, daily 
sildenafil treatment resulted in a restoration of CD31 and eNOS staining levels to 
that of sham animals (no statistical differences between sham and both treatment 
groups). Furthermore, these findings have been supported by the immunoblotting 
results documenting a significant increase in activated (phosphorylated) AKT and 
eNOS compared to non-phosphorylated forms in both sildenafil treatment groups. 
These results have been supported by prior observation of Musicki et al. reporting 
on an extended erectile response after cavernous nerve stimulation with a prolonged 
detumescence time and an increased expression of phosphorylated eNOS and Akt 
in aged rats (19-month-old) after long-term administration of sildenafil for 3 weeks 
(54). They concluded that patients with impaired erectile function may benefit from 
a long-term use of sildenafil by enhancing Akt-dependent eNOS phosphorylation. 

The second potential mechanism is the concept that PDE5 inhibitors promote 
the generation of endothelial progenitor cells (EPCs) from the bone marrow. Circu- 
lating EPCs originate from hematopoietic stem cells in bone marrow, migrate into 
peripheral circulation, and differentiate into mature endothelial cells, thus providing 
a circulating pool of cells that may contribute to ongoing endothelia repair. It has 
been demonstrated that the injured endothelial monolayer is regenerated by circu- 
lating bone marrow-derived EPCs (55). Patients affected with erectile dysfunction 
with or without cardiovascular risk factors have a decreased number of circulating 
EPCs (56). An essential role for the functional activity of hematopoietic stem cells 
and progenitor cells has been shown for endothelial nitric oxide synthase (eNOS) 
in mice, which produces NO (57). It has been demonstrated that NO may induce 
an increase in the number of circulation EPCs, and that a lack of eNOS induces 
defective hematopoietic recovery and progenitor mobilization (58). Foresta et al. 
showed an increase in circulating EPCs after treatment with vardenafil as well as 
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after tadalafil treatment (59,60). They observed a significant increase in endothelial 
function, related to flow-mediated dilatation, and circulating progenitor cells after 
3-month treatment with tadalafil, postulating that the improvement in the number of 
progenitor cells results in effective vasculoprotection preventing the initiation and 
progression of endothelial dysfunction. 


3.3. PDES Inhibitor-Induced Neurogenesis 


In a study conducted in a rat model of stroke (middle cerebral artery occlusion), 
the administration of sildenafil to rats resulted in up-regulation of neural progeni- 
tor cells in the brain and led to an improvement in functional recovery at 21 days 
after induction of stroke. Thus there may be pathways outside of erection induction 
and cavernosal oxygenation by which such a regimen may affect amelioration of 
long-term erectile function (61). Also tadalafil, administered orally every 48 h for 6 
consecutive days commencing 24 h after embolic middle cerebral artery occlusion 
in a rat model, resulted in significantly improved neurological functional recovery 
compared with control rats treated with saline (62). The improved functional recov- 
ery after ischemic stroke with tadalafil was associated with increases in brain cGMP 
levels and enhancement of angiogenesis and neurogenesis. 


4 Cavernosal Smooth Muscle Protection 


In a rat animal study carried out by Mulhall and Muller, the daily use of sildenafil 
subcutaneously (sc) demonstrated a restoration of functional and structural changes 
after bilateral cavernous nerve crush injury (18). In both treatment groups using 10 
and 20 mg/kg sildenafil sc an improvement in erectile function reported as max- 
imal intracavernosal pressure—mean arterial blood pressure ratio during electrical 
cavernous nerve stimulation was observable compared to the control group which 
had untreated bilateral CN crush injury. The functional and structural protection 
appeared in a dose- and time-dependent manner with maximization of erectile func- 
tion recovery occurring with daily 20 mg/kg at the 28-day time-point. The pharma- 
cological effect on erectile function recovery appeared to be mediated by preserving 
smooth muscle content, endothelial integrity, and reducing apoptosis. Looking at 
penile mid-shaft cross-sections using Masson’s trichrome staining the control ani- 
mals showed 28 days after bilateral CN crush injury a more than 6 times decrease 
of smooth muscle—collagen ratio compared to sham animals (p < 0.05). The daily 
administration of 20 mg/kg sildenafil citrate sc resulted in a significant preserva- 
tion of smooth muscle content which was nearly three times higher than for the 
control group (p < 0.05). Additionally at 28 days both sildenafil dosing regimens 
demonstrated a highly significant reduction in apoptosis of the corporal body tis- 
sue compared to the control group (p < 0.001). This was the first animal evidence 
supporting the findings of the human nightly post-RP sildenafil study carried out by 
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Padma-Nathan et al., which demonstrated a signal that regular sildenafil use after 
radical prostatectomy was of some benefit in the preservation of erectile function 
(63). It has now been shown that all three PDES inhibitors sildenafil, vardenafil, and 
tadalafil are able to protect erectile smooth muscle content and reduce apoptosis 
after CN damage in the animal model. Assessing functional and structural data 45 
days after bilateral CN resection in the rat daily administration of 30 mg/L vardenafil 
in the drinking water showed a normalization of the dynamic infusion cavernosom- 
etry drop rate and penile smooth muscle—collagen ratio (19). Animals with bilateral 
CN resection demonstrated a 60% reduction in the smooth muscle—collagen ratio 
and a threefold increase in intracorporeal apoptosis compared with the sham group. 
Congruent with sildenafil findings in the CN injury model the authors concluded that 
long-term treatment with vardenafil may prevent corporal veno-occlusive dysfunc- 
tion after radical prostatectomy by preserving smooth muscle content and inhibiting 
corporal fibrosis possibly by its effect on inducible nitric oxide synthase (iNOS) 
which was increased by vardenafil. 

Also daily retrolingually administration of tadalafil 5 mg/kg for 45 days after 
CN damage resulted in prevention of corporal veno-occlusive dysfunction and the 
underlying corporal fibrosis in the rat through a cGMP-related mechanism that 
appeared to be independent of inducible nitric oxide synthase induction (64). Using 
immunohistochemistry, histochemistry, and Western blotting daily tadalafil treat- 
ment prevented corporal collagenization, preserved the smooth muscle cell content, 
and decreased the apoptotic index in the rat penile tissue after unilateral or bilateral 
CN resection. There were no effects of tadalafil on increased transforming growth 
factor betal or inducible nitric oxide synthase. 

Furthermore Mulhall and Muller et al. showed in their CN crush injury study 
that immunohistochemistry staining for endothelial parameter expression (CD31 
and eNOS) was significantly preserved within the cavernosal tissue for sildenafil 
compared to control (p < 0.05) supporting the hypothesis of endothelial protection 
by sildenafil (18). It appears that the endothelial protection afforded by sildenafil 
is mediated, at least in part, by phosphorylation of AKT and eNOS. The clinical 
implications of these data are obvious. 

Muller et al. using the identical cavernous nerve crush injury model in rats 
showed with PDES inhibitor pre-treatment administering 20 mg/kg sildenafil daily 
starting 3 days prior to bilateral CN injury the highest erectile function recovery 
after 28 days which was significant improved compared to commencing sildenafil 
at the same day or 3 days after nerve injury (65). These data are consistent with the 
experiments demonstrating the pharmacological preconditioning effect of sildenafil 
against ischemia/reperfusion injury in the heart when administering the drug prior to 
the injury (66). The mechanism of action of sildenafil is through phosphodiesterase 
type 5 (PDE5) inhibition resulting in the accumulation of intracellular cyclic GMP. 
While the effects on vascular smooth muscle relaxation are well-appreciated, other 
effects on apoptosis and endothelial integrity are less well-appreciated. Based on 
several recent basic and clinical studies it emerges that clinically approved phos- 
phodiesterase type 5 inhibitors may be developed for several conditions besides 
the treatment of ED, especially for cardiovascular indications including endothelial 
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dysfunction, ischemia/reperfusion injury, myocardial infarction, ventricular remod- 
eling, and heart failure (67). Phosphodiesterase-5 (PDES) inhibitors including silde- 
nafil and vardenafil induce powerful preconditioning-like cardioprotective effect 
against ischemia/reperfusion injury through opening of mitochondrial K(ATP) chan- 
nels in the heart. Recently, Salloum et al. demonstrated that both sildenafil and 
vardenafil reduced the area of cardiac necrosis in a rabbit model of cardiac 
ischaemia-—reperfusion (68,69). After an ischemia induction by 30 min of coro- 
nary artery occlusion followed by 3 h of reperfusion infarct size was reduced in 
sildenafil as well as vardenafil intravenously treated groups as compared to control. 
Both sildenafil and vardenafil protected the ischemic myocardium against reper- 
fusion injury through a mechanism dependent on mitochondrial K(ATP) channel 
opening. In a prior study Das et al. using mouse cardiac myocyte cells exposed to 
hypoxia and re-oxygenation showed that sildenafil treated cells demonstrated less 
necrosis and apoptosis than control cells (70). The authors also showed increased 
expression of eNOS in the sildenafil treated groups, along with an increase in the 
ratio of the anti-apoptotic protein Bcl-2 compared to the pro-apoptotic protein Bax. 

In a study carried out by Schwartz et al. of men with bilateral nerve-sparing RP, 
randomized to 50 mg or 100 mg sildenafil every other night for 6 months beginning 
the day of catheter removal the content of smooth muscle within the corpora cav- 
ernosa was determined by biopsy before and 6 months after RP (71). With 50 mg 
sildenafil a preservation of smooth muscle content was observed and with 100 mg 
a significant increase in intracorporeal smooth muscle content was documented 
(p < 0.05). Despite the limitations of this study including low power with 11 and 
10 patients, respectively, in each group and a lower smooth muscle content at base 
line in the 100 mg group maintaining important pro-erectile ultrastructure seems to 
be essential for rehabilitating post-RP erectile function (71). It is now established 
that after radical prostatectomy erectile tissue undergoes progressive fibrosis. In a 
study by Iacono et al. 19 patients of 57—69 years of age with reported preoperative 
normal erectile function underwent corpora cavernosal biopsy before radical prosta- 
tectomy for prostate cancer, 2 and 12 months after surgery (72). Using immunostain- 
ing and computerized morphometric imaging, trabecular elastic fibers (p < 0.0003) 
and smooth muscle fibers were decreased and collagen content was significantly 
increased (p < 0.0003) compared with preoperative biopsies. One year after surgery 
elastic fibers (p < 0.0003) and smooth muscle fibers were decreased and collagen 
content was significantly increased (p < 0.0003) compared with the first postop- 
erative biopsy. Moreover, organized collagen and trabecular protocollagen deposits 
were increased. 

In another clinical study, in 95% of patients undergoing nerve-sparing RP, it was 
possible to demonstrate a spontaneous nocturnal erectile activity in the night after 
catheter removal after nerve-sparing RP in comparison to no activity within the 
patient’s group with no nerve-sparing surgery, which the authors suggest makes the 
effective use of PDES inhibitors in the first group more likely (73). The same work- 
ing group looked at erectile function recovery in patients after either unilateral or 
bilateral nerve-sparing radical prostatectomy for prostate cancer with nightly low- 
dose sildenafil compared to control patients (74). In 23 patients with preserved spon- 
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taneous erections measured by nocturnal penile tumescence and rigidity in the first 
night after catheter removal daily sildenafil 25 mg starting immediately was intro- 
duced. A control group of 18 patients underwent follow-up without PDES inhibitor. 
Both groups showed a nadir of the International Index of Erectile Function (IEF) 
5 Domain Score at 6 weeks follow-up which was in the daily sildenafil group from 
preoperative 20.8 mean score to 3.6 and for the control group from preoperative 
21.2 mean score to 2.4. Statistical evaluation showed a significant difference in 
IITEF-5 score and time to recover of erectile function between the group on daily 
25 mg sildenafil and control (p < 0.05). The mean IIEF 5 score at 78 weeks after 
surgery was 19.3 for the sildenafil group and 13.2 for the control group. The authors 
concluded that these findings might be important for an appropriate choice of phar- 
macotherapy for an optimal recover of erectile function after nerve-sparing radical 
prostatectomy. 

In the first prospective study in preoperatively potent men the daily use of silde- 
nafil at bedtime (50 mg or 100 mg) compared to placebo after bilateral nerve-sparing 
RP might have a benefit. After a post-RP therapy duration of 9 months 27% of the 
sildenafil group had recovered erectile rigidity to the preoperative level and only 
4% in the placebo group (p = 0.0156) (63). Recent literature implies a benefi- 
cial effect of regular PDES inhibitor administration on the improvement of erectile 
function by rehabilitation of vascular endothelium (75). Results from recent studies 
suggest that regular treatment with PDES inhibitor may lead to enhanced erectile 
function beyond that observed with on-demand usage, possibly through improve- 
ment of endothelial function which can be considered as rehabilitation of damaged 
erectile tissue. 


4.1 Data Supporting the Concept of Early Postoperative Erection 
as Rehabilitation 


In a non-randomized study in which patients with preoperative functional erections 
underwent RP and complied with an erectogenic pharmacotherapy regimen for 18 
months either with oral sildenafil 100 mg or intracavernosal injection therapy three 
times a week showed that 52% were capable of having medication-unassisted inter- 
course compared to 19% of men who did not use any rehabilitation (p < 0.001) 
(76). From the same study population a logistic regression analysis demonstrated 
statistically significant predictors of failure to respond to sildenafil post-RP that 
is represented in Table 2 (77). Intracorporeal injection therapy with alprostadil 
(prostaglandin E1) alone is effective in the majority of post-RP ED patients regard- 
less of the status of their cavernosal nerves (78). In 1997 Montorsi et al. assessed in 
a prospective study, men after bilateral nerve-sparing retropubic RP with the use of 
intracavernosal injection of alprostadil on a regular basis over a period of 12 weeks 
(36). He demonstrated improved spontaneous erection frequency compared to the 
observation group alone. Starting with 5 ug alprostadil within the first week after 
surgery the men used the ICI three times a week independent of sexual activity. 
Sixty-seven percent of the 12 men who completed the treatment had erections good 
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Table 2 Predictors of Failure for Erectile Function Recovery After RP 


Predictor RR [95%] CI P value 
Age > 60 years 1.3 1.1-2.4 < 0.05 
Non-bilateral nerve-sparing 1.6 1.2-4.4 < 0.01 
> 2 vascular co-morbidities 2.1 1.4-4.5 < 0.01 
Commencement of rehabilitation >6 m after RP 2.8 1.6-6.8 < 0.01 
Sildenafil failure at 12 m post-RP 4.5 1.8-8.2 < 0.01 
Use of trimix dose > 50 Units 8.1 2.3-14.7 < 0.001 


RP: radical prostatectomy; m: month; RR: [95%] CI: 95% confidence interval. 


enough for intercourse which was statistically significant better compared to 20% 
of the control group (p < 0.01). The conclusion of this study was that nocturnal 
erection supplies the cavernosal tissue with oxygen that might protect it from devel- 
oping fibrotic changes during the period of ED following nerve-sparing RP. This 
landmark study is to date the only evidence-based medicine for the role of penile 
rehabilitation with intracavernosal injections after RP. 

The early beginning of the rehabilitation may improve cavernosal oxygenation 
and prevent hypoxia-induced corporal fibrosis. An improvement of penile hemo- 
dynamics and return of spontaneous erections were shown after long-term use of 
alprostadil in patients with arteriogenic ED (79). In a clinical study looking for the 
optimal timing of ICI after non-nerve-sparing RP, the patient compliance was much 
higher with a later commencement of therapy (80). However, injections given in 
the first postoperative month gave the best response rate but with poor compliance. 
Simply, from a preventive standpoint the erectile rehabilitation should be started 
as soon as possible to preserve erectile tissue which otherwise undergoes struc- 
tural changes with the loss of function over time (35). The iatrogenic trauma during 
surgery to the cavernous nerves may cause a release of mediators which can cause 
a hypersensitivity of nocireceptors. Intracavernosal injections of alprostadil alone 
may cause significant pain because of this, resulting in an early cessation of therapy 
by patients. This can be minimized by the use of combination agents that permit 
reduction in alprostadil dose (80). The use of a combination including alprostadil, 
papaverine, and phentolamine (trimix) for intracavernosal injection therapy obtains 
a very high response rate in patients with ED and a dramatically reduced rate of 
penile pain (81). Patients using the trimix combination of papaverine, phentolamine 
and PGE1 for post-RP ED treatment reported an efficacy rate of almost 95% with 
the intracavernosal self-injection therapy (82). 


5 Alternative Rehabilitation Strategies 


5.1 Intra-urethral Alprostadil Suppositories 


The intra-urethral administration of alprostadil (prostaglandin E1) was first intro- 
duced in 1997 with an overall efficacy rate of 44% for ED treatment in patients 
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after RP (83). In a retrospective study of 27 patients with post-RP ED-treated with 
intra-urethral alprostadil after a mean duration of 2.2 years, a 48% rate of significant 
improvement in all domains of the Sexual Health Inventory for Men (SHIM) was 
reported (84). However, very few men had recovery of their pre-operative scores, 
and 52% ceased the use of intra-urethral alprostadil after a mean of 8 months mainly 
due to inadequate response or side effects. Only 51% of patients who had a rigid 
erection in an office-test were able to achieve a consistent response at home (85). 

Recently, studies have explored intra-urethral alprostadil in combination with 
oral sildenafil, in monotherapy failures (86,87). An enhancement of sexual satis- 
faction with this combination therapy in sildenafil failures was demonstrated in the 
post-RP population (88). 

Might there be some intrinsic value to the use of prostaglandin? We are aware 
that PGE1 may modulate TGF- production in cavernosal smooth muscle. This 
has not yet been fully studied. In a prospective controlled study of 91 sexually 
active men (mean age 59 years) who underwent nerve-sparing radical prostatec- 
tomy for prostate cancer the early administration of intra-urethral alprostadil in form 
of MUSE (Medicated Urethral System for Erection (MUSE™, Vivus Inc., Moun- 
tain View, CA, USA) starting 3 weeks after surgery seems to shorten the recovery 
time to regaining erectile function (86). Fifty-six patients were treated with MUSE 
125 or 250 ug three times per week for 6 months while the remaining 35 had no 
erectogenic aids, except as necessary when attempting sexual activity. With a com- 
pliance rate of 68% patients reported a significant improvement in all domains of 
the Sexual Health Inventory for Men (SHIM) questionnaire after using MUSE. At 
the end of 6 months 74% of the patients who remained on MUSE were able to have 
successful vaginal intercourse with a mean SHIM score of 18.9 compared to 37% 
of the untreated control group who regained erections sufficient for vaginal inter- 
course with a mean SHIM score of 15.8. The role of MUSE in penile rehabilitation 
is unclear but there are ongoing studies assessing this role. It is conceivable that the 
future of penile rehabilitation will involve multi-modal therapy with MUSE being 
one of those strategies. 


5.2 Vacuum Erection Devices (VED) 


VED is a manual device and is one of the oldest treatments for ED. In times when 
oral pharmacological ED therapy was not available, reports documented a long- 
term efficacy and high-satisfaction rate for patients and partners with a VED (89). 
Though, discontinuation rates of 65% were reported whereby most of the patients 
stopped use of the VED use within a mean time period of 4 months (90). Literature 
on the subject of VED in the post-RP population is almost lacking. In a prospec- 
tive, randomized trial assessing the efficacy of VED following RP, 60/74 patients 
successfully used their VED with a constriction ring for vaginal intercourse twice a 
week and achieved an overall partner satisfaction rate of 58% (33/60) (91). After 
a mean duration of 3 months 18% (14/74) terminated the VED use. In another 
prospective trial, a total of 28 patients were randomized after retropubic RP sparing 
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at least one neurovascular bundle to an early group using a VED after 1-month 
post-surgery or to a control group starting the VED 6 months after RP (92). Using 
the VED without a constriction ring for 10 min daily the International Index of Erec- 
tile Function score was significantly higher in group 1 than group 2 at 3 months and 
at 6 months (p < 0.05) concluding an improved sexual function by an early introduc- 
tion of a VED after RP. It has also been reported that the combination of sildenafil 
with VED improved sexual satisfaction and penile rigidity in 77% (24/31) patients 
dissatisfied with VED alone after radical prostatectomy (93). Might there be some 
intrinsic value to penile stretching as occurs with the VED in the post-RP popula- 
tion? However, given that VEDs do not oxygenate the penis well, without animal 
data to off a scientific rationale, and in the absence of large, randomized-controlled 
trials looking at VED post-RP, conclusions are difficult to arrive at. Future data may 
permit us to better define the role of VED post-RP. 


PREOPERATIVE EVALUATION 
AND COUNSELING 
PDESI RX FOR 2W PREOP PDESI Rx 
AT TIME OF CATHETER REMOVAL 
MAXIMUM DOSE PDESI X4 OVER 2-4 WEEKS POSTOP | |MAXIMUM DOSE PDESI X4 OVER 2-4 WEEKS POSTOP 
PLUS PLUS 
Low DOSE PDESI ON OTHER NIGHTS Low DOSE PDES! ON OTHER NIGHTS 
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Fig. 2 The Memorial Sloan Kettering Penile Rehabilitation after Algorithm 
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6 Rehabilitation Regimens 


To date, there has been no formal analysis of what represents the optimal rehabil- 
itation program and thus giving the reader formal guidelines is difficult. Figure 2 
represents the current approach at Memorial Sloan-Kettering Cancer Center, 
although this is not to say that this is the only approach. The algorithm is based 
on the animal and human data at this time highlighting the idea that there is prob- 
ably a value to erections in the early period after RP and that there is probably an 
adjunctive value to regular PDES inhibitor use. 


7 Conclusion 


Initiation of prostate cancer screening programs the mean age of patients with 
prostate cancer is declining more and more which goes hand in hand with the 
demand for optimal quality of life after RP. Following the newest surgical guide- 
lines a nerve-sparing RP seems to be a meaningful procedure in a carefully selected 
patient population respecting the oncological standard as the highest priority a 
nerve-sparing RP seems to be a meaningful procedure in a carefully selected patient 
population following precisely the newest surgical guidelines. Based on the current 
literature the little above-mentioned data from human and animal evidence gives 
a strong signal that there might be a positive effect of a prophylactic penile reha- 
bilitation after RP using intracavernosal injection therapy or PDES inhibitors on 
a regular base which may translate into greater preservation of erectile function. 
However, many questions about the mechanisms for the development of ED after 
RP and about the potential therapy options remain open and investigational. Large 
prospective multi-center, randomized, placebo-controlled studies in the future will 
hopefully be able to answer questions about an optimal dosing, a time frame for the 
application, duration and form of the use, and maybe about differences between the 
different medications. Further supportive managements including cavernous nerve 
reconstruction and neuroprotection stratagems are under investigation finding their 
place of value in the future. Under a socio-economic standpoint the patient usu- 
ally has to pay for such a rehabilitation program because the insurances do not 
cover these expenses. For a sufficient erectile rehabilitation after RP it needs a well- 
informed patient who is highly motivated to follow a medical regimen and is willing 
to pay for it to maintain quality of life after a potential curative cancer treatment. 
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Abstract Introduction: The role of androgens in sexual function and in particular 
in erectile physiology remains controversial. The aim of this chapter is to review 
the preclinical and clinical data on the impact of androgen deprivation in male sex- 
ual functioning since androgen ablation is the main treatment option for men with 
advanced prostate cancer and a critical component of radiation therapy for localized 
prostate cancer. 

Methods: Review of preclinical and clinical evidence on the role of androgens in 
sexual function. 

Results: Preclinical data show that androgens regulate penile development, 
smooth muscle and neural integrity, fibroelastic properties, adipocyte accumula- 
tion and distribution, expression and activity of NOS and PDES resulting in a 
dose-response relationship between testosterone and erectile function. Clinical evi- 
dence documents the negative impact of androgen ablation on sexual desire and 
activity, nocturnal erections, and erectile function in a dose-response relation- 
ship. In addition, androgen replacement in men improves the effectiveness of PDE 
5 inhibitors. 

Conclusions: The literature supports that androgen ablation results in a decrease 
of sexual desire, nocturnal erections, erectile function, and overall sexual satisfac- 
tion. These observations are particularly important in men with prostate cancer, 
since androgen ablation is the main treatment option for men with advanced prostate 
cancer and a critical component of radiation therapy for localized prostate cancer. 


Keywords Androgens; androgen ablation; NOS; PDE; adipocyte; erectile 
dysfunction. 
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1 Introduction 


It is generally accepted that androgens are critical for gender differentiation, devel- 
opment of male sexual characteristics, and maintenance of bone density and muscle 
to fat ratio. However, their role in sexual function and in particular in erectile phys- 
iology remains controversial. The role of androgens in male sexual function is par- 
ticularly important in men with prostate cancer, since androgen ablation is the main 
treatment option for men with advanced prostate cancer and a critical component 
of radiation therapy for localized prostate cancer. In addition, many men after suc- 
cessful treatment for localized prostate cancer are severely crippled by an androgen 
insufficiency state. 

Traish and Kim in a very elegant review of the physiological role of androgens 
in penile erection postulated that the changes in penile erectile function in the cas- 
trated animal model may be due to (i) reduced synthesis of paracrine growth factors 
that are necessary to maintain the structural and functional integrity of the smooth 
muscle, endothelium, and nerves; (ii) upregulation of paracrine factors, such as 
connective tissue growth factors, which increases expression of connective tissue 
proteins; and (ii) dysregulation of metalloproteinases resulting in increased extra- 
cellular matrix deposition. They also suggested that these alterations may change 
tissue fibroelastic properties that impede cavernosal expandability resulting in sig- 
nificant changes in the inflow and outflow (veno-occlusion) mechanisms leading to 
erectile dysfunction (1). 

The aim of this chapter is to review the preclinical and clinical data on the impact 
of androgen deprivation in male sexual functioning. 


2 Penile Erectile Physiology 


Penile erection follows relaxation of arterial and trabecular smooth muscle (2). 
Dilation of the cavernosal and helicine arteries increases blood flow into the lacu- 
nar spaces. Relaxation of the trabecular smooth muscle dilates the lacunar spaces, 
accommodating a larger volume of blood and thus engorging the penis. The expan- 
sion of the relaxed trabecular walls against the tunica albuginea compresses the 
plexus of subtunical venules (3—5). These result in increased resistance to the out- 
flow of blood with increased lacunar space pressure, making the penis rigid. The 
reduction of venous outflow by the mechanical compression of subtunical venules 
is known as the corporal veno-occlusive mechanism. The parasympathetic nerves, 
originating in the intermediolateral nuclei of the S2—S4 spinal cord segments, pro- 
vide the major excitatory input to the penile erectile tissue and are responsible for 
vasodilation of the penile vasculature and subsequent erection. The primary medi- 
ator of NANC parasympathetic input is nitric oxide (NO). The ability of NO, a 
highly reactive and unstable gas, to regulate a wide array of physiologic functions in 
mammals has become evident only within the last two decades. Along with carbon 
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monoxide, NO is a unique primary effector molecule with the characteristics of an 
intracellular second messenger that defies previous classification schemes. NO, pro- 
duced by nitric oxide synthase (NOS), directly activates guanylate cyclase, which 
regulates the intracellular events, leading to relaxation of trabecular smooth muscle. 
The levels of cGMP are also regulated by phosphodiesterases (PDEs), which break 
down cGMP and terminate signaling. Inhibition of this enzyme leads to an increase 
in levels of intracellular CGMP and enhancement of the relaxation of smooth muscle 
in response to stimuli that activates the NO/cGMP pathway. This activity explains 
the success of potent, selective, and reversible PDE type 5 inhibitors in the treatment 
of male erectile dysfunction (6). 


3 Preclinical Evidence on the Role of Androgens in Male 
Sexual Function 


1. Androgens and Penile Development: It is well-accepted that androgens mod- 
ulate penile development and growth (7,8). Gonzalez-Cavadid et al. and Lugget 
et al. suggested that 5a-dihydrotestosterone (Sa-DHT) and not testosterone is 
responsible for penile growth and development in the rat model (9,10). This 
hypothesis is supported by the observation that the administration of testosterone 
and 5a-reductase inhibitor did not prevent decline in erectile function in orchiec- 
tomized rats while administration of testosterone or Sa-DHT did (11). Further- 
more, clinical studies have shown that administration of 5a-DHT to infants and 
children with micropenis promotes penile growth (12,13) (Table 1). 

2. Androgens and Penile Smooth Muscle Integrity: It is well-accepted that penile 
trabecular smooth muscle regulates erectile function (14). Traish et al. have 
shown in the animal model that surgical or medical castration results in a signifi- 
cant reduction of trabecular smooth muscle content and intracavernosal pressure 
after pelvic nerve stimulation (15,16). In addition, ultrastructural studies using 
electron microscopy have shown that trabecular smooth muscle from castrated 
animals appears disorganized, with large number of cytoplasmatic vacuoles and 
decreased amounts of cytoplasmatic myofilaments (17). It is also believed that 
some of these changes are due to the activation of programmed cell death. How- 
ever, the role on androgens in programmed cell death has not been investigated 
in penile trabecular smooth muscle. 

3. Androgens and Penile Neural Integrity: It has been shown that androgens 
modulate structure and function on pelvic ganglions (18,19). However, the role 
of androgens on penile neural integrity and synthesis/distribution of neurotrans- 
mitters has been poorly investigated. Giuliano et al. suggested that androgens 
modulate erectile function by acting on postganglionic parasympathetic neurons 
(20). In addition, Rogers et al. showed that the ultrastructure of the dorsal nerve 
is altered in castrated rats (17). They also showed that testosterone treatment 
restores dorsal nerve integrity. Finally, androgens are important in maintaining 
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Table 1 Role of Androgens in Male Sexual Function: Preclinical Evidence 


Penile development (9,10) 


Trabecular smooth muscle 
(15-17) 

Penile neural integrity 
(18-21) 


Penile fibroelastic 
properties (15,16,23-25) 


Adipocyte accumulation 
(26-28) 


NOS isoforms (11,30-40) 


PDES expression (15,43,44) 


Testosterone and erectile 
function (45) 


T is responsible for penile growth and 
development. Administration of T and 5-ARI 
does not prevent decline in EF in orchiectomized 
rats while administration of T or 5a-DHT does 
(11). 

Androgen ablation results in a reduction of TSM 
content. 

Androgens modulate structure and function of 
pelvic ganglions. 

The ultrastructure of the dorsal nerve is altered in 
castrated rats. 

Androgens maintain anatomical integrity of 
NADPH diaphorase-stained cavernosal nerve 
fibers. 

Castration results in a marked decrease in muscle 
to collagen ratio. 

Androgens modulate the extracellular matrix 
through growth factors. 

Castration results in accumulation of adipocytes 
in the corpora cavernosa. 

Androgens may favor differentiation of 
pluripotent cells into smooth muscle and inhibit 
differentiation into adipocytes. 

Androgens regulate expression of NOS in penile 
tissues. 

Supplementing T restores NOS enzymatic 
activity. 

Castration results in decreased expression and 
activity of PDES. 

Testosterone upregulates PDES activity. 

There may be a threshold testosterone value 
below which erectile function correlates with 
testosterone in a dose-dependent fashion. 


anatomical integrity of NADPH diaphorase-stained dorsal and cavernosal nerve 
fibers in the rat model (21). Shabsigh et al. showed in a randomized, placebo- 
controlled, double-blind, multicenter study that testosterone-treated subjects had 
greater improvement in orgasmic function compared to those who received 
placebo (22). 

. Androgens and Penile Fibroelastic Properties: The penile extracellular matrix 
consists of a network of fibrillar collagen types I and III that provides support 
and regulates penile trabecular smooth muscle. Androgen ablation in the ani- 
mal model results in a marked decrease of the smooth muscle to extracellular 
matrix ratio (23-25), which alters penile compliance and hemodynamics result- 
ing in erectile dysfunction (15,16). In other cell lines, several investigators have 
shown that androgens modulate the extracellular matrix through growth factors. 
However, these findings have not been investigated in penile tissues. 
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5. Androgens and Adipocyte Accumulation and Distribution in Penile 
Tissues: In addition to the previously described changes in penile extracellu- 
lar matrix and smooth muscle content and ultrastructure, androgen deprivation 
in the animal model results in the accumulation of adipocytes in penile tissues, 
particularly in the subtunical region (26). Interestingly, testosterone replace- 
ment restores normal cavernosal appearance (unpublished observations by Traish 
et al.). Since these tissue alterations are accompanied by decreased intracaver- 
nosal pressures following pelvic nerve stimulation, it has been postulated that 
deposition of adipocytes may lead to corporo-occlusive dysfunction. The mech- 
anisms by which androgens regulate penile tissue growth and differentiation are 
poorly understood. However, Bashin et al. suggested that androgens may favor 
differentiation of pluripotent cells into trabecular smooth muscle and inhibit dif- 
ferentiation into adipocytes (27). This hypothesis is supported by the findings 
of Singh et al. who showed that differentiation of pluripotent cells is androgen 
dependent (28). Other investigators have suggested that androgen deficiency may 
lead to dedifferentiation into other phenotypes (29). However, there are no data 
in dedifferentiation of penile smooth muscle. 

6. Androgens and NOS Isoforms: The parasympathetic nerves (S2—S4) provide 
the major excitatory input to the penile erectile tissue and are responsible for 
the vasodilation of the penile vasculature and subsequent erection. The pri- 
mary mediator of NANC parasympathetic input is NO. It is apparently syn- 
thesized on demand with little or no storage and it directly activates a soluble 
enzyme (guanylate cyclase) rather than a ‘traditional’ receptor molecule. Nitric 
oxide is produced by nitric oxide synthase (NOS), which utilizes the amino acid 
L-arginine and molecular oxygen as substrates to produce NO and L-citrulline. 
Nitric oxide can readily cross plasma membranes to enter target cells, where 
it binds the heme component of soluble guanylate cyclase. This activation of 
guanylate cyclase stimulates the production of cyclic guanosine monophos- 
phate (cGMP), with the resulting activation of the cGMP-dependent protein 
kinase, which regulates the intracellular events, leading to relaxation of trabec- 
ular smooth muscle. Several investigators have reported that androgens regulate 
the expression of NOS in penile tissues (30, 11,3140). Castration in the animal 
model results in a 50% reduction of the activity of penile neural and endothe- 
lial NOS and testosterone treatment restores NOS enzymatic activity (35,37,41). 
However, in aging rats, enzymatic and Western blot assays showed no differ- 
ence in NOS activity or levels between testosterone-treated and not treated aged 
rats (33). 

7. Androgens Control the Expression and Activity of PDES5: The intracellular 
levels of cGMP are regulated by phosphodiesterases (PDEs), which break down 
cGMP and terminate signaling. Phosphodiesterase type 5 (PDE5) is the major 
enzyme responsible for cGMP hydrolysis in penile erectile tissue (42). Inhi- 
bition of this enzyme leads to an increase in levels of intracellular cGMP and 
enhancement of the relaxation of smooth muscle in response to stimuli that acti- 
vate the NO/cGMP pathway. Traish et al. not only showed that castration in the 
animal model results in decreased expression and activity of PDES, but also that 
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testosterone treatment upregulates PDES activity (15). These observations have 
been confirmed by Morelli et al. using real-time RT-PCR and Western blot anal- 
ysis (43,44). In addition, Traish et al. reported that PDES administration to cas- 
trated animals did not significantly increase intracavernosal pressure following 
pelvic nerve stimulation (16). Such findings were corroborated by studies from 
Magi and co-workers (45) (Fig. 1). 

8. Dose-Response Relationship Between Testosterone and Erectile Function: 
The relationship between serum testosterone levels and erectile function remains 
unclear. However, a recent study by Armagan et al. suggested that there is a 
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Fig. 1 Effect of testosterone on neural nitric oxide synthase (nNOS) and phosphodiesterase type 5 
(PDES) in rat penile tissue. Penile tissue from intact control rats (C) and surgically castrated rats 
infused with vehicle (V) or varying doses of testosterone (T1 440 mg/d, T2 220 mg/d, T3 88 mg/d, 
T4 44 mg/d) were pooled according to treatment group 
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testosterone threshold value (one-tenth of the normal range), below which erec- 
tile physiology correlates with testosterone in a dose-dependent fashion (46). 


4 Clinical Evidence on the Role of Androgens in Male 
Sexual Function 


A recent meta-analysis of 656 subjects by Isisdori et al. showed that androgen 
replacement in men with testosterone levels below 12 nmol/L, moderately improved 
the number of nocturnal erections, desire, frequency of successful intercourses, 
erectile function, and overall sexual satisfaction (47). 


1. Androgen Ablation and Erectile Function: Several investigators have sug- 
gested that androgen ablation results in erectile dysfunction (Table 2). Peters 
and Walsh showed that the use of nafarelin acetate, a potent luteinizing-hormone 
releasing hormone (LHRH) agonists, in patients with benign prostatic hyperpla- 
sia (BPH) causes ED in most of the patients. Interestingly, only half of them 
regained their erectile function (48). Eri et al. also showed that approximately 
50% of patients with BPH treated with bicalutamine (anti-androgen) developed 
some degree of ED when compared to placebo. They also showed that the use 
of leuprolide (GnRH agonist) in patients with BPH resulted in decreased erec- 
tile function (49,50). In addition, Rousseau et al. reported that the use of anti- 
androgens in patients with prostate cancer was associated with an inability to 
initiate an erection (57%) and inability to maintain an erection during sexual 
activity (71%) (51). Greenstein et al. showed that castration in the management 
of prostate cancer resulted in erectile dysfunction in 75% of patients when free 
testosterone was significantly reduced (0.628 pg/mL) (57). 

2. Androgen Ablation and Sexual Desire and Activity: It is generally accepted 
that castration results in loss of sexual desire (Table 2). However, Eri et al. in a 
double-blind randomized, placebo-controlled study of 50 men with BPH showed 
that leuprolide resulted in loss of sexual activity while libido was partially 
maintained (49). The same investigators also found that the use of bicalu- 
tamide (anti-androgen) in men with BPH resulted in reduced sexual activity 
despite a well-maintained libido when compared to placebo (49). On the other 


Table 2 Role of Androgen Insufficiency in Male Sexual Function: Clinical Evidence 


Erectile function (47—49,50,56) e Use of LHRH agonists causes ED. 
Anti-androgens result in some degree of ED. 
Sexual desire (48-50,56) e Patients using LHRH agonists may have some 


degree of desire preservation. 
e Anti-androgens reduce sexual activity, although 
some patients will maintain some libido. 
Nocturnal erections (51-53) e LHRH agonist use results in a significant 
reduction in the frequency, duration, and rigidity 
of nocturnal erections. 
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hand, Rousseau et al. reported that approximately 70% of men with prostate 
cancer using anti-androgens experienced a significant reduction in their sex- 
ual desire (51). In addition, Greenstein et al. reported that sexual desire and 
activity decreased following castration in men with prostate cancer (57). Finally, 
Marumo et al. reported that in sexual active patients with prostate cancer 
treated with LHRH agonist, sexual desire, interest, and activity were significantly 
reduced (52). 

. Androgen Ablation and Nocturnal Erections (NPT): Nocturnal erections in 
healthy men are common events (Table 2). However, aging and hypogonadal 
states have been associated with a decreased nocturnal erections. The mech- 
anisms by which androgens modulate NPT activity are poorly understood. 
Marumo et al. reported that men with prostate cancer treated with LHRH ago- 
nists experienced a significant reduction in the frequency, duration, and rigidity 
of their nocturnal erections (53). Kumamoto et al. reported a decrease in NPT in 
all patients treated with anti-androgens (52). Finally, Betocchi et al. suggested 
that nocturnal erections are androgen dependent (54). 

. Androgen Replacement and Erectile Function: Several investigators have 
suggested that testosterone treatment of hypogonadal men provides short-term or 
no improvement in erectile function (55,56) (Table 3). In addition, Christ-Crain 
et al. found no correlation between hypogonadal symptoms and testosterone lev- 
els (58). However, Ojumo and Dobs suggested that ED is a common symptom in 
hypogonadal men and testosterone treatment improved erectile responses (59). 
Kratzik et al. reported that patients with very low androgen levels (bioavailable 
testosterone <1 ng/mL) had 3 times the risk of severe ED when compared to men 
with bioavailable testosterone greater than | ng/mL (60). Svartberg et al. reported 
that testosterone administration in men with COPD was associated with better 
erectile function and quality of life (61). More importantly, Albrecht-Betancourt 
et al. suggested that testosterone treatment of hypogonadal men with ED is effec- 
tive, especially in younger and healthier men (62). 

. Androgen Replacement and Nocturnal Erections: Carani et al. reported that 
hypogonadal men treated with testosterone experienced a significant increase in 
NPT activity while Foresta et al. reported normalization of NPT activity after 
testosterone treatment (63,64) (Table 3). Schiavi et al. investigated the relation- 
ship between hormones (LH, estradiol, prolactin, total testosterone) and NPT 
activity in healthy aging men and found that only bioavailable testosterone cor- 
related with NPT activity (65). 

. Androgen Replacement in Men with ED Refractory to PDES5 Inhibitors: 
Aversa et al. studied 52 men with erectile dysfunction free of cardiovascular 
risk factors and found that resistive index values during penile duplex Doppler 
correlated with free testosterone suggesting that testosterone modulates smooth 
muscle relaxation and erectile function (66) (Table 3). More interestingly, Aversa 
et al. in a subsequent study found that testosterone replacement in men with ED 
who failed sildenafil treatment (100 mg on 6 consecutive attempts) was able to 
improve erectile function (67). These findings have been further verified by other 
investigators (68,69). Guay et al. reported that decreasing levels of testosterone 
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Table 3 Role of Androgen Replacement in Male Sexual Function: Clinical Evidence 


Erectile function (46,58-61) e ED is a common event in men with 
hypogonadism. 
e Testosterone improves some aspects of erectile 
function. 
e T replacement in hypogonadal men improves 
desire, frequency of successful intercourse, and 
overall sexual satisfaction. 


Nocturnal erections (62-64) e Hypogonadal men treated with testosterone 
experience increased NPT activity. 
PDES inhibitor-refractory e There may be a correlation between testosterone 
patients (22,65-69) levels and erectile hemodynamic parameters. 


e Testosterone supplementation of hypogonadal 
men who have failed PDESi results in improved 
response. 

e Decreasing levels of testosterone negatively 
predict response to PDES inhibitors. 


negatively predict response to PDES inhibitors (70). These clinical data correlate 
with Traish et al. findings in preclinical studies (15). 

7. Dose-Response Relationship Between Testosterone and Erectile Function: 
A recent clinical study by Zitzmann et al. reported that a threshold for androgen 
exists for the various androgen dependent functions (71). It was clearly demon- 
strated that erectile function requires the lowest threshold among all others. 


5 Conclusions 


The literature supports that androgen ablation results in a decrease of sexual desire, 
nocturnal erections, erectile function, and overall sexual satisfaction. More impor- 
tantly, androgen therapy results in a moderate improvement in sexual function. 
These observations are particularly important in men with prostate cancer, since 
androgen ablation is the main treatment option for men with advanced prostate 
cancer and a critical component of radiation therapy for localized prostate cancer. 
In addition, many men after successful treatment for localized prostate cancer are 
severely crippled by an androgen insufficiency state. 
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Chapter 12 
The Utility of PDES Inhibitors After Radical 


Prostatectomy 
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Abstract Radical prostatectomy of any form (open, laparoscopic, or robotic) has 
become a widely performed procedure for patients with clinically localized prostate 
cancer. This procedure may be associated with treatment-specific sequelae affect- 
ing health-related quality of life, with urinary incontinence and erectile dysfunc- 
tion being the most prevalent. The importance of postoperative erectile dysfunction 
has assumed greater importance in recent years, because the diagnosis of prostate 
cancer is becoming ever more frequent in younger patients, who are motivated to 
preserve their sexual function and the couple’s sexual health. Phosphodiesterase 
type 5 inhibitor therapy is the most frequently used first-line, on-demand treatment 
for patients who have undergone radical prostatectomy, reaching the highest effec- 
tiveness in patients younger than 65 years of age who were preoperatively objec- 
tively fully potent and surgically treated with a nerve-sparing anatomic approach 
to ensure preservation of at least one neurovascular bundle. Although recent evi- 
dence suggests the presence of residual erectile function as early as the first night 
after catheter removal when a nerve-sparing procedure has been done, data have 
also suggested that some time after radical prostatectomy is needed for the best 
response to on-demand phosphodiesterase type 5 inhibitors. Pharmacological pro- 
phylaxis with phosphodiesterase type 5 inhibitors may have a significantly expand- 
ing role in future strategies aimed at preserving postoperative erectile function. 

We used Ovid and PubMed (updated April 2007) to conduct an electronic lit- 
erature search on Medline that included peer-reviewed English-language studies of 
phosphodiesterase type 5 inhibitor use for either the recovery of erectile function 
or the treatment of postoperative erectile dysfunction in patients who underwent 
radical prostatectomy. 
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Keywords Erectile dysfunction; radical prostatectomy; sildenafil; tadalafil; 
vardenafil. 


1 Introduction 


Radical prostatectomy (RP) is a widely performed procedure for patients with clin- 
ically localized prostate cancer (pCa) and a life expectancy of at least 10 years 
(1-6). This procedure may be associated with treatment-specific sequelae affect- 
ing health-related quality of life (7,8), which is increasingly important because the 
diagnosis of pCa is becoming ever more frequent in younger patients. Such patients 
are motivated to preserve their sexual function and the couple’s sexual health and, 
therefore, are candidates for a bilateral nerve-sparing (BNS) procedure. Research in 
post-RP recovery indicates that approximately 25-75% of men experience postop- 
erative erectile dysfunction (ED) (9-14). This broad range of postoperative erectile 
function (EF) impairment can be attributed to several study design factors, includ- 
ing differences in baseline tumor and sexual health sample characteristics, surgical 
technique, surgeons’ surgical volumes, length of follow-up (FU) from surgery, and 
the quality of study methodologies in assessing both prevalence and severity of male 
ED (9,15-17). 

The pioneering work by Walsh and Donker (18) significantly contributed to the 
understanding of the functional and surgical anatomy of the prostate and still repre- 
sents the cornerstone for the subsequent development of the anatomic RP technique. 
This technique promotes optimal cancer removal while preserving the integrity of 
the anatomical structures that form the basis of urinary continence and EF (19-24). 

Historically, patients complaining of postoperative ED had options that increased 
the likelihood of obtaining valid erections for satisfactory sexual intercourse, includ- 
ing intracavernous injections, urethral microsuppository, vacuum device therapy, 
and penile implants. However, the advent of the phosphodiesterase type 5 inhibitors 
(PDE5Si), given their demonstrated efficacy, ease of use, good tolerability, excellent 
safety, and positive impact on patients’ quality of life, has clearly revolutionized the 
management of this medical condition. At present, PDESi represent the first-line 
oral pharmacotherapy for the treatment of post-RP ED in patients who underwent 
either a unilateral nerve-sparing (UNS) or BNS surgical approach. Not surprisingly 
patients and their partners prefer this least invasive option for treating post-RP ED 
(25). PDESi have the greatest effectiveness in patients who have undergone a rigor- 
ous NS procedure. 

We used Ovid and PubMed (updated April 2007) to conduct an electronic lit- 
erature search on Medline that included peer-reviewed English-language articles. 
We analyzed those studies that investigated the use of PDESi for the recovery of 
EF and the treatment of ED in patients who underwent RP. This review critically 
evaluates the use of the three PDESi in this challenging ED population: sildenafil, 
the first FDA- and EMEA-approved PDESi launched on the market; tadalafil; and 
vardenafil. We also evaluate data suggesting the role of the three compounds for the 
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treatment and prophylaxis of post-RP ED. Due to the substantial heterogeneity of 
outcome measures and FU intervals in case studies, we did not apply meta-analytic 
techniques to the data. 


1.1 Sildenafil 


Sildenafil citrate is a highly potent, orally active cyclic guanosine monophosphate 
(cGMP)-specific PDESi, which acts as a peripheral conditioner treatment of ED of 
broad-spectrum etiology (26,27). 

Phosphodiesterases catalyze the hydrolysis of the second messengers, cyclic 
adenosine monophosphate (CAMP) and cGMP, which are involved in the signal 
pathways of cavernous smooth muscle (SM). The accumulation of cGMP sets in 
motion a cascade of events at the intracellular level that induces the loss of contrac- 
tile tone of the vessels at the penile level. Many neurotransmitters activate guany- 
late cyclase, which catalyzes the conversion of guanosine triphosphate (GTP) to 
cGMP and subsequently triggers relaxation by lowering cytosolic Ca**. Thus, SM 
relaxation derives from the resumption of a precontractile state accomplished by 
lowering cytosolic Ca** or decreasing the sensitivity of the contractile machinery to 
Ca” (27). Phosphodiesterase type 5 constitutes the majority of the cGMP hydrolytic 
activity in corpora cavernosa (CC) SM cells and, functionally, the two isoforms 
PDE3A and PDESA seem to be the most important (24). Therefore, as a class of 
agents, PDESi act within the SM cells by inhibiting PDES, finally providing SM 
relaxation and an erection by allowing the CC to be filled by blood for an adequate 
time span. In both animal models and in humans, many in vivo and in vitro studies 
have demonstrated an essential role for nitric oxide (NO) in promoting the formation 
of cGMP and other pathways finally attaining erection of the penis (24). 


1.1.1 Pharmacology and Pharmacokinetics 


After oral administration, sildenafil is rapidly absorbed with an absolute bioavail- 
ability of 40%. Time to peak plasma concentration (Tmax) after oral absorption in 
the fasting state ranges between 30 and 120 min (median, 60 min), but a high-fat 
meal increases the Tmax by 60 min and reduces the peak plasma concentration by 
about 30%. Otherwise, from a clinical point of view the onset of efficacy frequently 
is optimal if sildenafil is taken on an empty stomach (27). The terminal half-life 
(Tın) of sildenafil is 3—5 h. Sildenafil is metabolized predominantly at the hep- 
atic level by four cytochromes: CYP3A4, -2C9, -2C19, and -2D6 (27). Inherent to 
its pharmacology, the coadministration of sildenafil and CYP3A4 inhibitors may 
lead to increased plasma concentrations of the compound. This may, in turn, lead 
to enhanced pharmacological and adverse events (AEs) commonly associated with 
sildenafil, such as headache, flushing, dyspepsia, and visual changes (27). 
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1.1.2 Sildenafil as an On-Demand Treatment Compound: Efficacy 
in Post-RP Patients 


Post-RP patients represent a challenging category for urologists. Indeed, even 
patients undergoing BNS RP often experience impairment of erections in the early 
postoperative period. This outcome has been related to the development of neu- 
ropraxia, which appears to be caused by some damage to the cavernosal nerves, 
which inevitably occurs during the excision of the prostate, even in the hands of 
the highest-volume surgeons. Absence of early postoperative erections is associated 
with poor corporeal oxygenation, which may facilitate the development of corpo- 
real fibrosis, ultimately leading to veno-occlusive dysfunction (28,29). The role of 
SM apoptosis also has been considered in the pathophysiology of post-RP ED (30). 
Preliminary findings have also suggested postoperative arterial insufficiency to the 
CC as a significant etiological cofactor in post-RP ED (31-35). In support of the 
role of an adequate arterial inflow as a key factor in preserving a sufficient post-RP 
EF, Rogers et al. (36) highlighted the importance of preserving accessory pudendal 
arteries while performing a BNS RP to shorten the interval to recovery after RP. 

As mentioned earlier, the release of NO is necessary to allow sildenafil to exert its 
action. Because NO is mainly released from cavernosal nerve terminals, a beneficial 
effect of sildenafil should be expected only in patients treated with some degree of 
NS RP. Since its introduction in 1998, several studies have shown that sildenafil is 
significantly efficacious in patients who have undergone an NS procedure, and sev- 
eral success predictors have been clearly outlined (14,27,28,37-44). Historically, 
these include patient’s age (i.e., the younger the patient the better the response to 
sildenafil, with the < 60 years age group responding the best) and rigorous preser- 
vation of the neurovascular bundles (44,45). Clinically, those men who report some 
degree of spontaneous penile tumescence after an NS RP are the most likely to 
respond to sildenafil. A more recent report by Raina et al. (46) emphasized these for- 
mer criteria and identified several factors that are significantly associated with a suc- 
cessful outcome of on-demand sildenafil therapy after RP, including age < 65 years, 
the surgical preservation of at least one neurovascular bundle, an adequate interval 
from surgery to sildenafil use (i.e., more than 6 months), and good EF preopera- 
tively (i.e., a Sexual Health Inventory for Men [SHIM] score > 15). We consider 
preoperative EF a fundamental matter in assessing postoperative response to oral 
compounds, having recently demonstrated that a subjective, self-reported preopera- 
tive full potency is not equal to an objective assessment with validated instruments, 
thus potentially reducing the final response rates to PDESi (15—17). Moreover, in 
their univariate and multivariate logistic regression analyses, Wille et al. (47) iden- 
tified preoperative EF (as assessed with the SHIM) as a significant predictor even 
of postoperative urinary incontinence in patients who underwent a retropubic RP 
(RRP); however, age and NS RP did not predict postoperative urinary incontinence. 

Raina et al. reported the long-term results of sildenafil use in post-RP ED patients 
(46). Their study enrolled 91 patients stratified according to the type of RP pro- 
cedure (53 BNS, 12 UNS, and 26 non-NS). At least 3 months after surgery, all 
patients were prescribed sildenafil at the recommended, user-friendly starting dose 
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of 50 mg, which was up-titrated to 100 mg if participants did not obtain a satisfac- 
tory response. At the 12-month assessment performed by means of the SHIM and 
Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS) (48) question- 
naires, 53% of all patients reported having achieved successful vaginal intercourse, 
and this value was 72% in those patients treated with a BNS approach. Moreover, 
at the 3-year FU assessment, 31 (72%) of the 43 patients who returned the ques- 
tionnaires were still using sildenafil for sexual intercourse, with a variable degree 
of spontaneous partial erections. When the responses were stratified according to 
the neurovascular bundle status, the magnitude of improvement in SHIM score over 
time was greater in the BNS group than in the UNS and non-NS groups. These data 
supported the idea that most patients affected by post-RP ED who initially respond 
to sildenafil continue to do so and are satisfied with the treatment regimen. 

Although largely accepted by the vast majority of the researchers across the 
world, these findings are not unequivocal. Shimizu et al. (49) retrospectively eval- 
uated the postoperative rate of EF and the 25-100 mg sildenafil effectiveness rate 
in 48 post-NS RP Japanese men, according to their preoperative potency as defined 
by a validated questionnaire. As expected, they reported that the overall estimated 
recovery rates of spontaneous erection of any degree improved over time, being 51% 
at the 36-month FU and 94% at the 60-month assessment; sufficient erection to pen- 
etrate was registered only in BNS RP men. However, Shimizu et al. reported that 
for those men achieving any degree of erection, there was no significant difference 
between BNS RP and UNS RP. Sildenafil was reported to be effective in 69% of 
those patients without spontaneous erection, and thus classified as postoperative ED 
men. Sildenafil was effective regardless of the type of NS procedure, being effective 
in both the UNS and BNS RP patients. Surprisingly, sildenafil was also effective in 
75% of those patients who reported preoperative ED. Based on their results, Shimizu 
et al. suggested that sildenafil may have been effective in those patients because their 
preoperative ED was mild and with a good response to the PDESi even prior to the 
surgery. Moreover, they also hypothesized that if sildenafil was effective in ED men 
before RP, then an NS procedure becomes mandatory in order to maintain sildenafil 
effectiveness postoperatively, even in the UNS RP group (49). 

Studies have suggested that some time after surgery is needed to observe the 
best response to sildenafil (19,40,42,46). Typically the response rate to sildenafil 
has been shown to increase as time passes after the procedure, with the best results 
seen from 12 to 24 months postoperatively (14,19,40,42,45,46). In their very elegant 
prospective study, Hong et al. gathered data on patient satisfaction across time in a 
cohort of preoperatively fully potent PDESi-naive men, most of whom underwent a 
BNS RP and postoperatively used sildenafil (40). The study group was stratified into 
five subgroups according to the length of time between surgery and the beginning of 
sildenafil treatment. Sildenafil promoted a significant improvement in EF, and over- 
all 41% of men were very or somewhat satisfied with the oral compound as defined 
by the EDITS questionnaire. In addition, the subgroup analysis revealed a signifi- 
cant increase in the patient satisfaction rate with increasing time from surgery (40). 

The 100-mg dose is usually necessary in this particular patient group. In their 
cohort of post-RP patients treated with sildenafil, Zippe et al. (44) confirmed the 
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significant role of NS surgery. In their study, the ability to achieve vaginal pen- 
etration (72% of the cases) was directly correlated with the spousal satisfaction 
rate (66%). Among the positive responders, 29% required only a 50-mg dose, but 
the remaining 71% required the maximum 100-mg dose for achieving valid erec- 
tions (44). More recently, we reported the functional outcome results in 42 patients 
undergoing a technical modification of the Walsh’s anatomic open retropubic BNS 
RP (20). As expected, participants regained normal EF (i.e., IIEF-EF domain score 
> 26 (50)) linearly with time, reaching the greatest prevalence (52%) at the 6-month 
FU. All patients used PDESi throughout the first 6 months postoperatively; 64% 
used PDESi at the maximum dose (including 100 mg sildenafil) only on-demand 
prior to any sexual intercourse (20). We also studied a sample of 51 selected PDESi- 
naive BNS RRP patients (mean age + SD, 57.2 + 4.3 years) (51). Each subject 
was provided with eight 100-mg tablets and comprehensively instructed to use this 
maximum 100-mg dose on-demand at least | h prior to sexual intercourse for the 
first 4 months after surgery. Complete data were collected from 44 (86%) of the 
original patients; mean duration of the treatment was 35 days, with an average num- 
ber of pill intake of 5.2 tablets (Table 1). No significant (p = 0.057) differences in 
terms of IIEF-EF domain scores were found between the preoperative and postop- 
erative periods in this cohort of patients treated with 100 mg sildenafil. However, 
3 (6%) of the 51 patients prematurely discontinued sildenafil because of AEs. Simi- 
larly, in their 3-year FU study, Raina et al. (46) reported that 72% of the original 43 
patients were still using sildenafil, having been classified as “‘sildenafil-dependent,” 
with a variable degree of partial erections. In addition, 31% of the sildenafil users 
up-titrated their dose to 100 mg, with no correlation between the frequency of use 
and the need to increase the dose. In the same long-term FU analysis, Raina et al. 
reported a dropout rate of 27%, mainly due to the return of natural erections suffi- 
cient for vaginal intercourse in 50% of the discontinuers, while lack of effectiveness 
was the reason for discontinuation in 5/12 men. 

Therefore, the 100-mg dose is usually necessary in post-RP patients, although it 
has been suggested that the use of the off-label 150- and 200-mg doses of sildenafil 
might salvage patients not responding to the approved maximum dose (52,53). This 
reinforces the absolute need for extensive patient counseling with regard to all the 
available therapies for ED. 

Montorsi and McCullough (54) reported the results of a meta-analysis of English- 
language articles in Medline and Cancerlit published between 1998 and January 
2004 and regarding primary, discrete data sets of post-RP patients with ED treated 
with sildenafil monotherapy. Eleven studies fulfilled the inclusion criteria; sample 
sizes ranged from 13 to 198 (mean age, 61 + 3 years). Treatment durations were 
from 4 weeks (or more than four doses) to 12 months, and sildenafil dosing was 
in the recommended range (25—100 mg). The results of these studies demonstrated 
that in more than one-third of post-RP patients using sildenafil an erection sufficient 
for intercourse was achieved. Seven of the analyzed studies reported a response rate 
ranging from 14 to 53% for an end point consistent with the primary meta-analysis 
outcome (i.e., erection sufficient for vaginal intercourse), which corresponds to a 
35% (95% CI, 24-48%) of combined estimated probability of response. Overall, 
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the meta-analysis confirmed that there was strong evidence for a lower response rate 
after non-NS (range, 0-15%) versus NS procedures (range, 35-75%; combined OR, 
12.1; 95% CI, 5.5—26.6). The odds of responding improved 12-fold with preserva- 
tion of at least one neurovascular bundle. However, there was not sufficiently strong 
data to support a difference between response rates in patients who underwent UNS 
RP (range, 10-80%) and BNS RP (range, 46-72%; combined OR, 2.21; 95% CI, 
0.75-6.54). Confirming the previously reported experiences of single centers, the 
meta-analysis showed that early treatment failure does not necessarily imply lack of 
subsequent efficacy after having waited a sufficient length of time after RP. 


1.1.3 Safety of Sildenafil in Post-RP Patients 


Safety and tolerability of sildenafil have been clearly demonstrated in multiple stud- 
ies. AEs are usually transitory and of minor intensity; the discontinuation of silde- 
nafil therapy due to AEs is very low in the broad-spectrum etiology ED population 
(55). The most common AEs are headache, flushing (due to vasodilation), and dys- 
pepsia (due to relaxation of the SM of the gastroesophageal sphincter with reflux). 
Transient visual symptoms, mainly disturbances of color vision, were reported pre- 
dominantly at the 100-mg dose and temporally related to the time of peak plasma 
levels. The visual symptoms are due to transient inhibition of cGMP-specific PDE6, 
which is present in rods and cones of the retina. The safety profile results were 
also excellent in post-RP patients. Zippe et al. (44) reported that the most com- 
mon drug-related AEs were transient headaches (29%), flushing (22%), dizziness 
(9%), dyspepsia (6%), and nasal congestion (5%), with an increased incidence of 
headache observed at the higher dose (p = 0.04). None of the patients in their series 
suffered from any serious cardiovascular effects. Similarly, the 3-year FU analysis 
of Raina et al. (46) showed that the most common AEs at that long-term assessment 
were headaches (12%), flushing (10%), and blue or blurred vision (2%). No patient 
dropped out because of AEs at the 3-year FU. 


1.1.4 Sildenafil as a Prophylactic Treatment: Efficacy in Post-RP Patients 


As previously detailed in this chapter, different pathophysiological theories of post- 
operative ED are currently being explored, including the concept of neuropraxia, 
impaired arterial inflow, and—probably even more important—tissue damage con- 
sequent to cavernous nerve injury and poor postoperative corporeal oxygenation. 
All these findings have clearly supported the application of prophylactic pharmaco- 
logical regimens aimed at improving an earlier corporeal blood filling with conse- 
quent EF protection, i.e., preservation and rehabilitation (14,56,57). Although the 
rationale for the use of the different treatment compounds as prophylaxis still is not 
completely understood and an optimal therapeutic regimen has not yet been estab- 
lished, the concept has been applied to PDESi, which may be administered in 
a continuous regimen (i.e., either daily or >2 times weekly for rehabilitative 
treatment). 
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Recently, several studies have elucidated some mechanisms potentially involved 
in the activity of sildenafil (57-62), with postoperative preservation of intracor- 
poreal SM content underlying all these studies. Schwartz et al. demonstrated that 
the early use of a high dose of sildenafil after RP was associated with preserva- 
tion of SM content within human CC (58). The study enrolled 40 potent patients 
who underwent RRP and were subsequently treated either with daily 50 mg 
(group 1) or 100 mg (group 2) sildenafil for 6 months, starting from the day of 
catheter removal. Patients underwent percutaneous penile biopsy both preopera- 
tively and 6 months after surgery. Although in group | there was no statistically 
significant change in the mean intracavernosal SM content between the pre- and 
postoperative measurements (51% and 53%, respectively), a statistically signifi- 
cant increase (43% vs. 57%; p < 0.05) was observed in group 2. Experimen- 
tal data about the mechanisms underlying the chronic use of sildenafil have also 
been published (59). The effect of an 8-week treatment with 60 mg/kg/day sc 
sildenafil in male rats was assessed on electrically induced erectile response in 
vivo before and after an acute injection of sildenafil (0.3 mg/kg iv). Endothelial- 
dependent and endothelial-independent relaxation of strips of corpus cavernosum 
was examined in vitro and compared to cavernosal strips of untreated rats. The 
acetylcholine-induced endothelial relaxation was significantly enhanced in chron- 
ically sildenafil-treated rats as compared with the untreated animals. Behr-Roussel 
et al. speculated that chronic sildenafil administration might be able to up-regulate 
either muscarinic receptors or the transduction mechanisms leading to the acti- 
vation of endothelial NO synthase (59). Moreover, functional in vivo evaluations 
showed that chronic administration of sildenafil significantly enhanced frequency- 
dependent erectile response and was associated with greater response to an acute 
injection of sildenafil in treated rats as compared with controls; this finding 
allowed researchers to exclude the presence of tachyphylaxis in chronically treated 
animals. 

All of these findings support the rationale for using sildenafil chronically in BNS 
RP men. The administration of PDESi at bedtime might facilitate the occurrence of 
nocturnal erections, which, in turn, are believed to have a natural protective role on 
the structural and functional properties of the CC (60). As previously debated, how- 
ever, the recovery of EF can take up to 24 months after surgery (19). At the same 
time, it is important not to wait inactively until spontaneous erections are regained, 
as the lack of oxygenation of the CC can lead to further involutional atrophy as a 
consequence of increased SM fibrosis (29,56). In this context, Mulhall et al. (62) 
reported the results of a nonrandomized, prospective trial to assess the ability of 
postoperative early use of an erectogenic medication program to improve long-term 
spontaneous EF in a similar set of patients. Complete data were available for 58 men 
with preoperative functional erections who were challenged early postoperatively 
with oral sildenafil. Nonresponders were switched to intracavernosal injection ther- 
apy, and patients were instructed to inject three times a week. Data from men who 
were committed to rehabilitation were compared with those of 74 men of compa- 
rable age, comorbidity profile, intraoperative NS status, and postoperative erectile 
hemodynamics who did not follow the protocol but continued to be serially fol- 


186 A. Salonia et al. 


lowed after RP. At 18 months post-RP, there were statistically significant differences 
between the two groups in the percentage of patients who were capable of having 
drug-free intercourse (p < 0.001), the mean erectile rigidity (p < 0.01), the mean 
ITEF-EF domain scores (p < 0.01), the percentage of patients with ITEF-EF > 26 
(p < 0.01), the percentage of patients responding to sildenafil (p < 0.001), and the 
time to become a sildenafil responder (9 + 4 vs. 13 + 3 months; p = 0.02). 

To assess the organic penile integrity in 27 preoperatively sexually potent (as 
objectively assessed by the IIEF-5) patients, Bannowsky et al. (57) prospectively 
recorded nocturnal penile tumescence and rigidity during the acute phase (i.e., dur- 
ing the first night after removal of the catheter) after either UNS or BNS RP. On the 
night following catheter removal (i.e., postoperative days 7-14) a nocturnal penile 
tumescence and rigidity recording was made using the RigiScan device. Twenty- 
five (93%) patients showed one to five nocturnal erection events of greater than 
70% for at least 10 min, which was significantly different than a control group of 
men submitted to a non-NS RP, for whom no nocturnal erections were recorded. 
These results demonstrated the presence of residual EF as early as the first night 
after catheter removal when a NS procedure was done. 

In this context, Padma-Nathan et al. (61) reported on the prospective adminis- 
tration of daily bedtime 50 or 100 mg sildenafil, as compared with placebo, in pre- 
operatively fully potent men undergoing BNS RP. Inclusion criteria included hav- 
ing a score of 8 on Q3 and Q4 of the HEF combined. Four weeks after surgery 
patients were randomized to sildenafil or placebo, which was carried on nightly for 
36 weeks. Eight weeks after cessation of the intervention (sildenafil vs. placebo), 
patients’ spontaneous EF was assessed in a variety of ways including HEF. Among 
other end points, a responder status required maintenance of the score of 8 on Q3 
and Q4 of the IIEF combined. Of the participants receiving sildenafil 27% were 
responders versus only 4% (p = 0.0156) in the placebo group. Postoperative noctur- 
nal penile tumescence and rigidity assessments confirmed that continuous sildenafil 
exposure promoted a higher rate being a responder compared to placebo. Although 
similar data are not yet available for tadalafil and vardenafil, we believe that there 
is no reason not to expect similar results with other PDES5i. Moreover, Padma- 
Nathan’s unpublished preliminary experience provides the important message that 
daily PDESi administration after NS RP may improve every surgeon’s baseline 
results. 

Despite the enthusiasm engendered by the above-mentioned results, the bene- 
fit induced by a continuous rehabilitative approach compared with an on-demand 
PDESi treatment has not been confirmed. To this end, we prospectively studied 
a cohort of 80 patients submitted to BNS RRP with 12-month postoperative EF 
data (63). Patients were selectively assigned to four groups: (1) no erection therapy; 
(2) on-demand intracavernosal injection therapy; (3) on-demand PDESi; and (4) 
continuous PDESi (either daily or every other day for 3 months). No significant dif- 
ference in terms of average IIEF-EF domain score between patients who received 
on-demand versus continuous PDESi was found at the 12-month postoperative FU. 
However, additional large randomized trials are needed to confirm the validity of 
these preliminary data. 
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Few objective data are available regarding the PDESi discontinuation rate in 
patients after RP. Therefore, we analyzed real-life discontinuation data of 100 con- 
secutive, age-comparable, preoperatively self-reported potent BNS RRP patients 
who received a PDESi prescription at their discharge from the hospital (64). Patients 
did not receive any specific counseling about the ED treatment aside from the stan- 
dard instructions throughout the entire FU period, and they freely decided to use 
or not use any ED therapy. Thereafter, IIEF was compiled every 6 months postop- 
eratively, and patients completed a semi-structured interview about the treatment 
adherence at the 18-month FU. Surprisingly, 49% of patients decided not to even 
begin any ED therapy. The remainder were subdivided into patients who preferred 
an on-demand PDE5Si (36%) and men who decided to use a continuous PDES5i 
approach (15%). At the 18-month FU, the overall discontinuation rate from both 
treatment modalities was 73%. Treatment effect below expectations was the main 
reason for treatment dropout, followed by loss of interest in sex due to partners’ 
causes. Results from this study show that roughly half of the patients preoperatively 
self-reporting to be fully potent and strongly motivated to maintain postoperative EF 
actually decided not to take any ED compound at the hospital discharge. Moreover, a 
significant proportion of inadequately counseled patients discontinued PDESi treat- 
ment after BNS RRP. Thus, specific counseling on ED treatment modalities coupled 
with re-education of patients may represent key points in promoting reduction of the 
discontinuation rate (63). 


1.2 Tadalafil 


Tadalafil is a potent orally active cGMP-specific PDES5i that acts as a peripheral 
conditioner treatment of ED of broad-spectrum etiology (65,66). 


1.2.1 Pharmacology and Pharmacokinetics 


Tadalafil inhibits human recombinant PDES activity in vitro, with an ICso of 1 nM 
(67). With the exception of two PDE families (i.e., PDE6 and PDE11), tadalafil is at 
least 9000-fold selective for PDES5 inhibition over other PDEs (65—68). Over a dose 
range of 2.5-20 mg, AUC increases proportionally with dose (65,66). After oral 
administration of a 20-mg dose, tadalafil is readily absorbed with a median Tmax of 
2 h (range, 0.5—12.0) and mean peak plasma concentrations (Cmax) of 378 ng/mL. 
Mean Tın is 17.5 h (66,67). A high-fat meal has no significant impact on tadalafil 
Tmax» Cmax, Systemic exposure (AUC), or plasma half-life (65,66). In daily dosing 
studies, steady-state plasma levels were achieved within 5 days, with AUC approx- 
imately 1.6 that of a single dose (65,66). 

Tadalafil is predominantly metabolized via CYP3A4. Lower doses of tadalafil 
should be considered when taken concomitantly with drugs that inhibit CYP3A4 
activity. Tadalafil is well-tolerated with an efficacy profile that should provide effec- 
tive treatment of ED in most men. Because tadalafil has an efficacy period longer 
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than 36 h, together with its effectiveness and safety profile, this drug is an interesting 
adjunct to the armamentarium available to the physician taking care of ED patients. 
Tadalafil pharmacokinetics should guide the practicing physician in the best use of 
the drug. 


1.2.2 Tadalafil as an On-Demand Treatment Option in Post-RP Patients 


Based on the pathophysiological findings reported earlier in this chapter, PDE5i 
other than sildenafil should be considered for use in patients undergoing NS RP. The 
efficacy and safety of on-demand fixed-dose tadalafil (20 mg) were studied in 303 
post-BNS RRP ED men from Europe and North America in a randomized, double- 
blind, placebo-controlled, multi-center study consisting of a 12-week treatment 
period (69). Patients were enrolled from 12 to 48 months following BNS RRP, to 
increase the possibility that the process of postoperative neuropraxia had subsided. 
Those patients who had evidence of postoperative penile tumescence (defined as the 
ability to achieve at least some erection in more than 50% of intercourse attempts) 
constituted a pre-specified subgroup for analysis, likely to have some residual cav- 
ernous nerve function and a higher chance to respond to tadalafil treatment. Previ- 
ous experience with PDESi was not considered as an exclusion criterion. Patients 
(mean age, 60 years) had a postoperative low-mean baseline IIEF-EF domain score 
(12.3-12.5); half of them (52%) had severe ED, while roughly 66% had evidence of 
postoperative drug-free penile tumescence. Of the randomized patients, 237 com- 
pleted the study. Seventy-one percent of patients treated with tadalafil reported an 
improvement of their EF as compared with only 24% of those in the placebo group 
(p < 0.001). Overall, the IIEF-EF domain score was significantly (p < 0.001) higher 
after treatment with the active compound than with placebo (21 vs. 15, respectively). 
For all randomized patients mean + SEM improvement in ITEF-EF domain score 
was 5 + 0.5 versus 1 + 0.6 with placebo (p < 0.001); this difference remained 
significant in patients with postoperative evidence of spontaneous penile erections 
(p < 0.001) but not in patients without such evidence (p = 0.43). In the post hoc 
analysis, significantly (p < 0.001) more tadalafil-treated patients attained normal 
scores on the IEEF-EF domain. A significantly larger group of tadalafil-treated 
patients also reported improved erections with successful intercourse attempts as 
compared with the placebo group (52% vs. 26%; p < 0.001). In addition, mean 
EDITS scores for patients treated with tadalafil were significantly greater than in 
placebo-treated patients (58 vs. 34; p < 0.001) and for the subgroup with post-RP 
drug-free tumescence (64 vs. 37; p < 0.001), indicating greater treatment satisfac- 
tion with the active compound. 

Sixty-six patients dropped out of the trial; the most frequently reported reasons 
for early discontinuation were lack of effectiveness (tadalafil 8% vs. placebo 10%), 
AEs (tadalafil 5.5% vs. placebo 2%), and personal conflict or other personal deci- 
sions (tadalafil 2% vs. placebo 9%). To the best of our knowledge, there are no pub- 
lished long-term FU studies on the effectiveness and discontinuation rate in post- 
BNS RP ED patients treated with tadalafil. 
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1.2.3 Tadalafil as a Potentially Effective Prophylactic Approach in Post-RP 
Patients: Evidence from an Animal Model 


Although no data supporting the usefulness of tadalafil as a prophylactic treatment 
in post-BNS RRP patients have been published, we believe that there is no rea- 
son not to expect results similar to those obtained with sildenafil and other PDESi. 
For instance, Vignozzi et al. (70) reported the results of an animal study investigat- 
ing whether chronic tadalafil may preserve bilateral cavernous neurotomy (BCN)- 
induced penile damage and hypo-oxygenation. The study evaluated the in vitro and 
ex vivo effects of 2 mg/kg/day tadalafil for 3 months in a rat model of BCN; they 
found that the BCN-induced massive hypoxia and decreased muscle/fiber ratio was 
completely restored by chronic tadalafil use. In their rat model, Vignozzi et al. also 
showed that hypoxic penis had an increased sensitivity to the relaxant effect of the 
NO donor sodium nitroprusside, whereas acute tadalafil (100 nM) did not amplify 
the effect. Similarly, PDE5 mRNA and protein were reduced in BCN penile tissues. 
By restoring PDES, chronic tadalafil decreased sodium nitroprusside-induced relax- 
ation and rescued sensitivity to acute tadalafil. In hypoxic penis, however, chronic 
tadalafil normalized neither acetylcholine hyporesponsiveness nor nNOS or eNOS 
expression. Based on these preliminary findings, the authors concluded that chronic 
tadalafil may restore some of the investigated BCN-induced alterations, including 
acute tadalafil efficacy (70). Due to its unique pharmacokinetic properties, we feel 
that adequately designed randomized clinical trials are urgently needed to explore 
the potential application of tadalafil as a prophylactic approach in post-RP patients. 


1.2.4 Safety of Tadalafil in Post-RP Patients 


The safety and tolerability of tadalafil have been clearly demonstrated in multiple 
studies (65,66), and the safety profile is high in post-RP patients as well. Patients 
enrolled in the above-mentioned Montorsi et al. trial reported significantly more 
headache (20.9% vs. 5.9%; p < 0.001), dyspepsia (13.4% vs. 5.9%; p < 0.001), 
and myalgia (6.5% vs. 0%; p < 0.001) in the tadalafil group as compared with the 
placebo group (69). Non-serious AEs were reported in patients taking tadalafil, and 
the percentage of men reporting at least one severe AE with tadalafil was not sta- 
tistically different from the rate reported by the placebo group (5% vs. 3%; p = 
0.55). In addition, the dropout rate resulting from AEs was not statistically signifi- 
cant between groups (5.5% vs. 2.0%; p = 0.231). 


1.3 Vardenafil 


Vardenafil is the third highly selective, orally bioavailable, potent PDESi (71). Rapid 
onset and long-term reliability appear to be key features of vardenafil’s clinical pro- 
file. These features may be a consequence of the high potency of vardenafil for 
PDES inhibition, and they provide patients with a high degree of convenience in 
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the timing of dosing and sexual activity. Vardenafil provides reliable efficacy, with 
most men experiencing consistent improvement in EF during long-term use. Clinical 
studies have demonstrated that vardenafil is a well-tolerated and effective treatment 
for ED and represents a valuable therapy option for men with ED and their partners 
(71-73). 


1.3.1 Pharmacology and Pharmacokinetics 


Vardenafil’s chemical structure differs from those of sildenafil and tadalafil, reflect- 
ing its differing pharmacological properties. In vitro studies have shown that the 
potency of vardenafil in inhibiting PDE5 purified from human corpus cavernosum 
tissue was approximately 15-—25-fold greater than that of sildenafil and 48-fold 
greater than that of tadalafil (ICsp values, 0.14, 3.5, and 6.74 nmol/L, respec- 
tively) (68,71,74). Studies in men with ED showed that single doses of vardenafil 
(10-40 mg) were rapidly absorbed following oral administration, with Cmax reached 
in some men within 15 min (median, 0.6-0.9 h) (71,74). Mean Cmax and AUC 
increased in a nearly dose-proportional manner. Vardenafil has a mean absolute 
bioavailability of 15%. The rate and extent of absorption were not altered when 
20 mg of vardenafil was administered immediately after a typical meal (approx- 
imately 30% of calories as fat) compared with the fasting state. A high-fat meal 
(57% of calories as fat), however, reduced the rate of absorption (with an increase 
in Tmax Of 1 h) and reduced the Cmax by 18%. 

Based on our experience in the use of all three available PDESi, it is wise to 
suggest to patients to initially use them on an empty stomach (at least 2 h after 
finishing a meal or pre-prandially) to maximize the therapeutic effect and optimize 
onset time. Responders are then routinely allowed to ingest these drugs irrespective 
of food or alcohol intake, with the possibility that the overall therapeutic effect may 
be reduced. 

Because vardenafil is also predominantly metabolized by the hepatic enzyme 
CYP3A4, and to a lesser extent by CYP3A5 and CYP2C, inhibitors of these 
enzymes may reduce vardenafil clearance. Consequently, according to the prod- 
uct labeling concomitant use of vardenafil with potent CYP3A4 inhibitors is not 
recommended. 


1.3.2 Vardenafil as an On-Demand Treatment Option in Post-RP Patients 


In a multi-center, prospective, randomized, double-blind, placebo-controlled, 
parallel-group sponsored trial in the United States and Canada, the safety and 
efficacy of a 12-week regimen of fixed 10- and 20-mg doses of vardenafil were eval- 
uated in 440 men with ED from 6 months to 5 years after NS RRP (75). Overall, 
patients underwent surgery a mean of 1.7 years before entering the study, and most 
patients (73%) underwent BNS RRP. All enrolled patients had normal EF 6 months 
before surgery as objectively assessed with the IIEF-EF domain, but at immedi- 
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ately after surgery, mean EF domain score was roughly 9 and 70% of men had 
severe postoperative ED. Sildenafil failures were excluded from enrollment in the 
study. After 12 weeks, the IIEF-EF domain score, sexual encounter profile ques- 
tion 2 (SEP-2: Were you able to insert your penis into your partner’s vagina?), 
SEP-3 (Did your erections last long enough to have successful intercourse?), 
and GAQ were significantly improved following vardenafil treatment relative to 
placebo. In men who had undergone BNS RRP, 71% experienced improved erec- 
tions with 20 mg vardenafil, 60% with 10 mg vardenafil, and only 11% with placebo 
(p < 0.0001). Patients with residual post-RRP spontaneous EF experienced greater 
improvements in each of these efficacy parameters (75). A positive answer to the 
SEP-2 question was reported in 47 and 48% of patients using 10 and 20 mg varde- 
nafil, respectively. A positive answer to the more challenging SEP-3 question was 
reported in 37 and 34% of patients using these doses, respectively (75). A post 
hoc analysis revealed that previous sildenafil use did not influence efficacy relative 
to sildenafil-naive participants. More recently, Nehra et al. (76) demonstrated that 
both 10- and 20-mg doses of vardenafil were significantly (p < 0.0009) superior to 
placebo in improving the IIEF domains of intercourse satisfaction, orgasmic func- 
tion, and overall satisfaction with sexual experience in the same group of patients 
who had previously undergone RRP (75). Moreover, significant improvements in the 
satisfaction rate with erection hardness were also demonstrated for each vardenafil 
dose as compared with placebo (p < 0.0001) (76). 


1.3.3 Safety of Vardenafil in Post-RP Patients 


Treatment with vardenafil is generally well-tolerated, although the incidence of 
treatment-emergent AEs increased with vardenafil dose. Similar to what has been 
observed for each PDES-I, the most frequently reported drug-related AEs were 
headache (16 and 22% for vardenafil 10 and 20 mg, respectively, as compared with 
4% in the placebo group), cutaneous flushing (19 and 20% vs. 0%), and rhinitis (16 
and 20% vs. 6%). These AEs were generally mild or moderate in intensity. Overall, 
vardenafil induced a low incidence of serious AEs, with the highest incidence (2%), 
curiously, being reported in the 10-mg vardenafil group. 


2 Conclusions 


Radical prostatectomy of any form (1.e., open, laparoscopic, or robotic) is an increas- 
ingly and widely performed procedure for patients with clinically localized prostate 
cancer. This procedure may be associated with treatment-specific sequelae affecting 
health-related quality of life, mainly including ED. Formal use of on-demand PDESi 
in patients undergoing RP has been shown to be effective and safe, with better results 
in younger patients, those preoperatively objectively fully potent and strongly moti- 
vated to maintain postoperative sexual activity, and those surgically treated with an 
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anatomic procedure ensuring the preservation of at least one neurovascular bundle. 
Although recent evidence appears to suggest the presence of residual EF as early 
as the first night after catheter removal when an NS procedure has been performed, 
other data have also suggested that some time after surgery is needed to attain the 
best response to on-demand PDESi. Pharmacological prophylaxis with PDE5i may 
have a significantly expanding role in future strategies aimed at preserving postop- 
erative EF. 
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Abstract Erectile dysfunction (ED) is a common sequela of the treatment of 
prostate cancer that negatively impacts quality of life. Though the phosphodiesterase 
inhibitors (PDE5i) are popular for the treatment of ED because of their ease in 
administration, they are frequently ineffective after surgery and radiation therapy 
for prostate cancer. 

Intracavernosal therapy (ICT) was the first effective medical therapy for erectile 
dysfunction and is the most effective therapy for post-treatment ED. Patient and 
physician resistance contributes to its low acceptance despite its clear superior effi- 
cacy. The rationale for the use of ICT in the treatment and possible prevention of 
ED after prostate cancer therapy is presented along with strategies for facilitating its 
implementation. 


Keywords Erectile dysfunction; prostate cancer; erectile dysfunction; injection 
therapy. 
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1 Introduction 


Men with prostate cancer are being treated more aggressively, earlier and are liv- 
ing longer. In 1983, approximately 10% of new cases of prostate cancer underwent 
radical prostatectomy, 25% had radiation therapy, 15% had hormonal therapy, and 
50% had no therapy. Sixty percent of men had disease outside of the prostate at 
the time of diagnosis. In 1986, the prostate-specific antigen test was approved by 
the FDA. Soon thereafter the relatively non-invasive transrectal ultrasound biopsy 
was introduced facilitating the diagnosis of prostate cancer. These two technologi- 
cal advances led to a downward stage and age migration at the time of diagnosis. 
Ninety percent of men are currently diagnosed with clinically localized disease. In 
1995, 35% of men underwent radical prostatectomy, 30% had radiation therapy, less 
than 10% had hormonal therapy, and slightly less than 30% had no therapy. Despite 
advances in surgical and radiation treatment, many men will experience a treatment- 
related decline in their erectile function that inexorably progresses with time, age, 
and increasing ED co-morbidities, regardless of their chosen treatment. Substantial 
decreases in erectile function as high as 61% and 79% at 2 years in patients treated 
with RT and RP, respectively, have been reported (1-3). Erectile dysfunction is a 
substantial problem following treatment for localized prostate cancer and is asso- 
ciated with a self-perceived decrease in overall quality of life (4). Yet, despite the 
high incidence of erectile dysfunction after treatment and its negative impact on 
quality of life only 50% of patients use treatments for ED (5). Of the ED treatments, 
oral PDESi are the most popular. Of those using only PDESi, only 12% felt that 
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Fig. 1 Perceived helpfulness of ED therapies (5) 


13 Injectable Therapies After Prostate Cancer Therapy 199 
it helped a lot. The penile implant was perceived as the most helpful followed by 
the vacuum device and penile injections (Fig. 1). Despite their superior effective- 
ness at 60 months the prosthesis, vacuum device, and penile injections were used in 
only 1.6, 5, and 2% of patients, whereas the PDESi alone or in combination were 
used in over 37% of patients. In this group of patients that respond so poorly to the 
PDES inhibitors why is injection therapy so infrequently used? The purpose of this 
chapter is to review the use of penile injection therapy in the treatment and possible 
prevention of erectile dysfunction after prostate cancer treatment. 


2 Penile Intracorporal Therapy (ICT) 


ICT was introduced dramatically in the USA at the 1983 American Urological Asso- 
ciation Meeting by Giles Brindley (6). This represented the first effective medical 
treatment for Erectile Dysfunction (ED). Prior to 1983 the only effective treatment 
was the penile implant (1972), or the vacuum erection device (1986). ED had long 
been associated with vascular disease (7) and initially ICT was used most often 
for vascular ED. Between 1983 and 1994, ICT evolved using either monotherapy 
or combination therapy of generic papaverine, phentolamine, prostaglandin E; or 
atropine (Table 1). The most common form of ICT currently used by urologists is 


Table 1 Common ICT Treatments 


Drug Cost/dose Dose range Advantages Disadvantages 
Papaverine $6-$60 7.5-60 mg Low cost (Generic) Penile induration 
Stable at room temp Priapism 
Elevation of liver enzymes 
Not FDA approved 
Phentolamine $6-$60 0.5-2 mg Low cost (Generic) Low efficacy as 
monotherapy 
Stable at room temp Not FDA approved 
No priapism 
Alprostadil $33-$38 140 pg Commercially Requires refrigeration after 
available reconstitution 
FDA approved 
Priapism rare Expensive 
Room temp storage Complicated reconstitution 
High volume of injection 
Penile pain 
Papaverine/ $2-$20 0.1-60 mg/ low cost (Generic) Priapism 
Phentolamine 0.2-2 mg Penile indurations 
Papaverine/ $2-$20 0.1-60 mg/ Low cost (Generic) Priapism 
Phentolamine/ 0.1-2 mg/ Low volume Penile induration 
injection 
Alprostadil 0.2 ug Highly effective Requires refrigeration 


Stock vial can be 
frozen 
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alprostadil (Caverjet® Pfizer, Ny, and Edex®, Schwarz Pharma) though combina- 
tions of generic formulations of the generic vasodilators papaverine, alprostadil and 
phentolamine are also popular. 

In 1995, intracorporal alprostadil (Caverjet®) was approved by the FDA. Effi- 
cacy in the pivotal trials with alprostadil was over 90%, with patient and partner sat- 
isfaction of over 85% (8). Despite the overall effectiveness of ICT, fewer than 6% of 
men suffering from ED sought treatment before the advent of oral therapy. In 1995 
(9), a goal-directed approach was adopted by most physicians as ED was consid- 
ered a “functional disease and not life-threatening.” Patients were encouraged, with 
counseling, to choose their form of treatment. Not surprisingly, patients chose med- 
ical therapy over surgery, yet as many as 25% failed to start ICT therapy and only 
40-50% continued therapy, despite its high degree of effectiveness (10,11). Mulhall 
et al. catalogued the reasons for dropout of injection therapy, with expense and dis- 
like of injections being the two most common reasons (Table 2) (12). Confounding 
the patient resistance issues, is a general reluctance of physicians, including urolo- 
gists, to promote ED treatments largely because of lack of time and a belief that the 
patient will initiate the conversation if ED is an issue (13). In addition, the urologist 
or radiation therapist may be concerned that a discussion about post-treatment erec- 
tile dysfunction may underscore unrealistic pretreatment claims of post-treatment 
erectile function recovery. 

The etiology of ED in men after prostate cancer treatment is multifactorial as well 
as treatment dependent. Clearly, epidemiologic studies such as the Massachusetts 
Male Aging Study (MMAS) established the incidence of pretreatment ED in the 
age group of men diagnosed with prostate cancer as high as 60%. Psychogenic, 
vascular, neurogenic, myogenic, and endocrine etiologies have all been implicated 
after treatment (Table 3). 


Table 2 Reasons for Dropping Out of Self-Injection Program (12) 


% Patients. 
Therapy too expensive 28.3 
Did not like the idea of injecting penis 27.6 
Partner did not like injections 19.3 
Partner not available 17.0 
Erections improved spontaneously 15:3 
Injections were not effective 14.2 
Development of penile curvature 11.2 
Development of other medical problems 10.6 
Lost interest in sex 8.1 
Undertook alternative treatment 7.6 
Lost interest in partner 7.2 
Development of penile lump 5.8 
Injections thought to be unnatural 6.1 
Erections lasted too long 4.9 
Injections painful 4.9 


Fear of needles 4.5 
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Table 3 Etiologies of ED After Prostate Cancer Treatment 


Observation Psychogenic, natural progression 
Radiation Arteriogenic, neurogenic, myogenic 
Radical prostatectomy Neurogenic, myogenic, arteriogenic 
Cryosurgery Vascular 

Androgen ablation Endocrine deficiency 


Regardless of the etiology or mode of treatment ICT has been shown to be 
effective. 


3 Mechanism of Action of ICT 
3.1 Alprostadil 


Unlike oral therapy, the mechanism of action for ICT is independent of nerve func- 
tion. The ability of ICT to work independent of the nerves is particularly appealing 
for post-prostatectomy men, where there is an obligate early (first 12 months after 
RP) neuropraxia that occurs after surgery and makes oral therapy ineffective. The 
responsiveness to oral therapy follows the time course of resolution of the neuro- 
praxia (14). Alprostadil is the exogenous synthetic form of a naturally occurring 
fatty acid, PGE. It causes smooth muscle relaxation, vasodilatation, and inhibition 
of platelet aggregation through elevation of intracellular cAMP. Alprostadil is then 
metabolized in the corpora cavernosa by the enzyme prostaglandin 15-hydroxy- 
dehydrogenase. After ICI, 96% of alprostadil is locally metabolized within 60 min 
and peripheral blood levels return to baseline. In patients with veno-occlusive dys- 
function, serum alprostadil levels may rise to tenfold, but up to 90% is metabolized 
on the first-pass through the lungs. 


3.2 Papaverine 


The molecular mechanism of papaverine action is through its non-specific inhibitory 
effect on phosphodiesterase (PDE), leading to increased cAMP and cGMP in penile 
erectile tissue. It also blocks voltage-dependent calcium channels, thus impairing 
calcium influx, and it may also impair calcium-activated potassium and chloride 
currents. The end result is relaxation of cavernous smooth muscle and penile ves- 
sels. The plasma half-life is 1-2 h as papaverine is metabolized in the liver. The 
increased half-life and requisite systemic metabolism are believed to contribute to 
the suggested higher rate of priapism with papaverine. The suggested increase in 
corporal fibrosis with papaverine may possibly be secondary to the high degree of 
acidity of the papaverine solution (pH of 3 or 4) (15). 
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3.3 Phentolamine 


Phentolamine is a non-specific a-adrenergic antagonist with equal affinity for block- 
ing both a-1 and a-2 adrenoreceptors as adrenergic agents are anti-erectile. Endoge- 
nous norepinephrine (NE) contracts corporal smooth muscle primarily through its 
effects on post-junctional a-1 receptors and is the principal neurotransmitter of 
detumescence. ICT monotherapy with phentolamine results in penile tumescence 
but not rigidity. Combination therapy results in synergy between different agents 
as the local mechanisms of action are different. This synergy allows the use of 
very small doses of injected dose in men with no preexisting ED prior to radical 
prostatectomy. Excellent response to doses as low as 0.3 mg papaverine, 0.1 ug of 
alprostadil, and 0.01 mg of phentolamine is not uncommon, requiring dilution of the 
stock solution to allow the patient to work with measurable quantities of the injec- 
tate. At these low concentrations and volumes corporal fibrosis is highly unlikely. 


4 Complications with ICT 
4.1 Priapism 


The most feared complication by urologists from ICT is priapism (Table 4). Pri- 
apism occurs in men with an intact veno-occlusive mechanism. A man suffer- 
ing from pretreatment ED secondary to veno-occlusive disease (VOD) is likely 
to require larger doses of injectate and is unlikely to encounter priapism. A pre- 
treatment history of PDESi refractory or dependent ED, or the presence of multiple 
endothelial disease risk factors (diabetes, hypertension, dyslipidemia, age>65, obe- 
sity) or exposure to a prior priapism episode or pelvic radiation therapy is likely to 
result in VOD and a high-dose ICT requirement to achieve an erection. The initial 
etiology for ED after RRP is neuropathic and secondarily myogenic. The contribu- 
tion of arterial insufficiency to the development of post-RP is discussed in Chapter 
5. Dosage requirements for ICT in the neuropathic patients have long been docu- 
mented to be much lower than men with ED secondary to vascular disease (16). 
Approximately 50% of preoperatively potent men without arterial disease on penile 
duplex Doppler after RRP will not demonstrate VOD by Doppler criteria (17). In a 


Table 4 Complications of Injection Therapy 


Complications of injection therapy % 
Temporary ecchymosis/hematoma 25 
Induration/subcutaneous nodules 6 


Priapism 0.1-5 
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cross-sectional study, VOD after prostatectomy appeared to worsen with time and 
to be associated with a poorer long-term prognosis with respect to eventual return 
of natural function (18). VOD progression is most likely related to progressive cor- 
poral smooth muscle fibrosis but may improve with time with treatment within the 
first 2 years after surgery (19). 

Because of the increased risk of priapism in the post-RRP patient without pre- 
operative ED, gradual dose titration is very important. My typical testing initial 
dose in the office is 0.1 ml of trimix (30 mg/ml papaverine/20 ug/ml alprostadil, 
0.2 mg/ml phentolamine) containing 3 mg of papaverine, 2 mg of alprostadil, and 
0.2 mg of phentolamine, although other dose combinations are used. The patient is 
observed for approximately 45 min and reversed with phenylephrine if necessary. If 
a reversal dose is needed, the patient is started on 0.05 ml of a half-strength solu- 
tion of trimix. If no reversal dose is used and a strong erection was obtained, the 
dose is reduced to 0.05 ml of full-strength solution. If the erection was not suffi- 
cient for penetration, the patient is started on the 0.15 ml of full-strength solution. 
The latter scenario is uncommon and is a very poor prognostic sign. Men frequently 
report subsequent better efficacy in their home environment than in the office. Using 
this regimen I have minimized priapism in the early postoperative period. A recent 
review describes an excellent titration schedule (20). 

A confounding variable with priapism in the post-RRP man is the recovery of 
function that occurs in the first 2 years. Whereas men with vasculogenic ED can be 
stable on the same dose of ICT for years, men after RRP are experiencing a gradual 
return of their natural function in the first 2 postoperative years and their dosage 
requirements may actually decrease. Though it is frightening to the patient that his 
erections may be lasting longer on an established dose, the man should be heartened 
that the decreased dose requirement is a sign of recovery of natural function. 

Unlike after RRP where the PDE5S refractory ED is immediate, after radiation 
therapy ED is typically manifest years after treatment and is most likely the result 
of radiation damage to the proximal corpora with the resulting nerve, muscle, and 
vascular damage (19). Priapism is therefore unlikely to result in men after RT. A 
systematic slow titration of ICT is the best way to prevent priapism. The use of 
liberal communication between the patient and the urologist’s office can go a long 
way to achieve the correct dose without priapism. 

Current AUA guidelines on priapism recommend a stepwise approach to the 
treatment of priapism (21) (Table 5). It should be assumed that the priapism after 


Table 5 AUA Guidelines for Ischemic Priapism 


1. Therapeutic aspiration (with or without irrigation) 

2. Intracavernous injection of sympathomimetics (e.g., phenylephrine, epinephrine, 
norepinephrine, metaraminol) 

3. Systemic treatment of underlying disease (e.g., sickle-cell disease) plus intracavernous 
treatment for patients with underlying disorders or hematologic pathology 

4. Surgical shunts, including distal shunts; the caverno spongious shunt; and caverno 
saphenous shunt 
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ICT is ischemic or low flow as it carries the poorest prognosis. Priapism in the 
post-ICT may be mechanistically different from idiopathic priapism where the erec- 
tion should be reversed within 6 h to prevent irreversible corporal fibrosis. Kulmala 
found that men treated for less than 36 h after an ICT induced-priapic episode 
reversed without a long-term impact on there subsequent ICT responsiveness. If 
a delay greater than 36 h occurs corporal fibrosis ensues (22). Caution is advised, 
as the impact of an early priapic episode on the eventual return of function has not 
been evaluated. In over 20 years of experience with ICT, I have never had to perform 
a shunt in a post-ICT priapism. The priapism either resolves spontaneously, with 
aspiration or injection of sympathomimetics. Though phenylephrine, epinephrine, 
norepinephrine, metaraminol have all been used, the preferred reversal agent is 
phenylephrine because it minimizes the risk of cardiovascular side effects that are 
more common for other sympathomimetic medications. An initial dose of 500 ug 
of intracorporal phenylephrine is prescribed with monitoring of blood pressure and 
pulse followed with repeat injection 15—20 min later. As many as six such consec- 
utive injections have been used although no maximum dose has been defined, and 
as long as the patient does not develop hypertension and reflex bradycardia repeat 
dosing can continue (23). 


4.2 Penile Pain 


Intracorporal pain in the penis is one of the most common complaints with ICT, 
being reported in as many as 80% of men. The pain is usually tolerable and severe 
in less than 20%. It is not associated with the injection process but appears to be acti- 
vation of intrapenile pain receptors and is seen more often after RRP (early or late), 
with increasing doses and concentrations of PGE}; sometimes lasting after detumes- 
cence has occurred. The exact mechanism has not been elucidated. Trimix has been 
associated with a decreased incidence of pain compared to alprostadil alone (24). If 
the pain persists with trimix, a formulation of papaverine and phentolamine, with- 
out alprostadil, can be used though higher doses of the injectate will be necessary 
with less efficacy. Attempts to alkalinize or add lidocaine to the injectate have been 
successful in decreasing but not eliminating the penile pain (25-27). 


4.3 Penile Fibrosis 


Ever since the introduction of ICT, penile fibrosis and Peyronie’s disease have 
always been a concern. Loss of penile length and circumference has been described 
after radiation therapy, prostatectomy, and androgen ablation and is independent of 
the use of erectogenic aids. Fibrotic penile changes have been described in 11% 
of men after RRP (28). Fibrotic nodules from ICT do not appear to lead to Pey- 
ronie’s disease, do not worsen, and sometimes resolve despite continued use of ICT 
(29). The presence of fibrotic nodules or Peyronie’s disease does not significantly 
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complicate penile prosthesis implantation should it subsequently be required. The 
occurrence of fibrotic nodules should not be used as a reason to cease ICT. 


5 Benefit of ICT in Penile Rehabilitation 


Anecdotally the use of ICT has been reported to improve spontaneous erectile func- 
tion in men with ED (29-31). In 1997 Montorsi in a small randomized series 
reported that the introduction of ICT in the early postoperative period resulted in 
the earlier and more complete return of natural erectile function (32). The study 
has never been replicated though it is generally believed that the introduction of 
ICT in the postoperative period is beneficial in increasing corporal oxygenation 
(33). The use of ICT has been shown to increase corporal oxygenation (34). In men 
who have failed oral therapy after RP the use of ICT can result in improved PDESi 
responsiveness (35,36). Because of patient resistance and the expense of commercial 
alprostadil, postoperative ICT has not been adopted by most urologists or patients. 


6 Conclusions 


ICT is underutilized but still plays an important role in the treatment of the man with 
erectile dysfunction after treatment for prostate cancer. Though the PDESi have been 
beneficial, the ED after prostatectomy is frequently refractory to oral therapy. Urol- 
ogists should encourage their patients to explore ICT at all stages of their recovery. 
In the early postoperative period ICT has been shown to not only improve quality 
of life but also enhance the return of natural erectile function. In the late convales- 
cence it has been shown to enhance responsiveness to PDESi. In both phases it will 
allow the patient to resume penetrative sexual function. As men suffer the long-term 
effects of prostate radiation and the PDESi fail, ICT remains the best medical alter- 
native. The complications of ICT (priapism, penile pain, and penile fibrosis) can be 
managed easily with good patient education and follow up. 
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Abstract Erectile dysfunction (ED) after treatment for prostate cancer (radical 
prostatectomy, radiotherapy, or androgen deprivation therapy) is common. Systemic 
therapy with the PDES inhibitors is successful in a lower percentage of these patients 
than it is in men with ED of other etiologies. Penile injection therapy often results 
in usable erections in these men but its acceptability may be limited because of pain 
which is more common in this subset of patients. Vacuum erection device therapy 
and penile prosthesis implantation are non-pharmacologic options available for the 
treatment of ED after prostate cancer therapy. 

The literature is surveyed for penile prosthesis implantation in men treated for 
prostate cancer and an overview of the results is presented. Special considerations 
for penile prosthesis implantation before, after, and during radical prostatectomy 
are discussed. Some surgeons prefer two-piece inflatable penile prosthesis implanta- 
tion after radical prostatectomy because of concerns regarding scarring of the lower 
abdominal fascia and the retropubic space which might complicate reservoir place- 
ment. Evidence is presented that three-piece inflatable penile prosthesis implanta- 
tion can safely be accomplished in these patients. 

Penile prosthesis implantation before and after radiation therapy for prostate can- 
cer is reviewed as is penile prosthesis placement after androgen ablation therapy. 
Vacuum constriction devices remain an option for prostate cancer patients in whom 
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pharmacologic agents are ineffective or contraindicated and who are not interested 
in or are poor operative candidates for penile prosthesis implantation. 


Keywords Penile prosthesis; vacuum constriction device; prostatic neoplasms; 
prostatectomy; radiotherapy. 


Abbreviations Prostate cancer; erectile dysfunction; radical prostatectomy; 
radiation therapy; phosphodiesterase-5; inflatable penile prosthesis; vacuum 
constriction device. 


1 Introduction 


Sexual dysfunction of various etiologies is common in older men in the presence 
or absence of prostate cancer (PC), and erectile function is commonly negatively 
affected by treatment for prostate cancer. A recent investigation of sexual function 
outcomes in men with localized PC revealed that more than half of these men used 
some form of treatment for ED within 5 years of treatment (1). While approximately 
75% were sexually active prior to treatment for PC, only about one in eight men 
retained adequate sexual function without assistance after treatment (1). The use of 
any ED treatment increased after the introduction of oral PDES inhibitors, and these 
agents were the most frequently used treatment (38% of all patients at 5 years) 
(1). Although penile prosthesis was the least commonly used treatment (<2%), it 
was associated with the highest rates of patient satisfaction, full erections, sexual 
frequency, and maintenance of erection (J). 

Prior to 1983 almost all men who received treatment for prostate cancer were 
rendered sexually non-functional. Men treated with systemic hormonal therapy for 
PC experience a reduction in circulating and intraprostatic levels of testosterone. 
Clinical (or subclinical) hypogonadism reduces libido, impairs sexual arousal, and 
can reduce the quality of erections (2,3). Treatment for localized PC in previous 
decades almost uniformly resulted in erectile dysfunction (ED), because radical 
prostatectomy (RP) for prostate cancer, as originally described, involved wide resec- 
tion of the tissue lateral to the prostate that contains the parasympathetic nerve 
fibers that are responsible for normal erectile function. Therefore, the likely etiol- 
ogy of post-prostatectomy ED is disruption of the neurovascular bundle that courses 
alongside the posterolateral aspects of the prostate, although thermal or stretch 
injury and vascular compromise may also contribute. In the mid-1980s, the nerve- 
sparing, or anatomic, RP, in which the lateral dissection along the prostate preserves 
one or both neurovascular bundles, was developed by Walsh and colleagues (4-6). 
Nerve-sparing RP often preserves satisfactory erections after an oncologically sound 
surgery for localized PC. Several studies during the last 20 years have demonstrated 
that the percentages of patients with ED after RP are highest following a non-nerve- 
sparing operation and lowest when both nerves can be preserved (7-13). 
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Despite undergoing a nerve-sparing RP, almost all patients will experience ED 
immediately after surgery, but the length of time to recovery and the rigidity of 
erections after RP are variable (8-10,14). The percentage of patients experienc- 
ing adequate erections continues to rise over the first 12—24 months after surgery, 
when ED rates stabilize or increase gradually as expected due to advancing age 
(8—-10,12,14). In one single surgeon series, 76% of the 1,770 men who were potent 
prior to bilateral nerve-sparing RP had erections sufficient for intercourse at a mean 
of 18 months after surgery (11). In another large series, 63 and 70% of previously 
potent men (n = 785) were capable of achieving erections (with or without pharma- 
cologic treatment) at 18 and 24 months after bilateral nerve-sparing RP, respectively 
(13). Erectile function retention 5 years after RP in the Prostate Cancer Outcomes 
Study was lower overall (bilateral 41%, unilateral 23%, non-nerve-sparing 23%), 
but showed the same trend with nerve-sparing status (12). Younger patients and 
those with excellent preoperative sexual function often have higher objective mea- 
sures of erectile function after RP (10-12), but it is not always possible to predict 
which patients will regain satisfactory erectile function. 

Similarly, ED is common after radiation therapy (RT) for localized prostate can- 
cer. The etiology of post-radiation ED is thought to be vascular, resulting from 
radiation damage to small vessels leading to ischemic injury. In contrast to post- 
prostatectomy ED, which occurs immediately and improves without treatment dur- 
ing the first 12-24 months after surgery and plateaus thereafter, sexual function is 
not negatively affected immediately after RT, but decreases over time in a man- 
ner that is not accounted for solely by advancing age (14-17). In one large series, 
“impotence” was reported in 50 and 64% of patients 2 and 5 years after RT (14), 
In another series, at a median of 2.6 and 6.2 years, 69 and 82% of those receiving 
three-dimensional conformal RT and 75 and 89% of those receiving brachytherapy 
reported erections not firm enough for intercourse, respectively (17). The likelihood 
and severity of ED vary with the type, technique, and radioisotope used during RT 
(14-16). The extent of sexual dysfunction after RT may decrease as technologi- 
cal refinements improve the targeting of radiation within the pelvis. After three- 
dimensional computer-optimized high-dose-rate prostate brachytherapy in conjunc- 
tion with highly conformal external beam RT, 80% were able to achieve erections 
satisfactory for intercourse (18). However, 43% of these patients required sildenafil 
citrate for adequate erections, and the 5-year actuarial likelihood of potency was 
only 53% in the 47 patients who were potent prior to treatment (18). While sexual 
function immediately after treatment may be higher in patients receiving RT when 
compared with those receiving RP, the negative effects on sexual function are com- 
parable or worse at a longer duration of follow-up (14-17). 

ED is defined as the consistent inability to attain or maintain penile erections of 
sufficient quality to allow satisfactory sexual performance (19). Clinical judgment 
best helps determine that an individual is consistently not able to obtain sufficient 
erections after pelvic surgery, and long-term treatment recommendations may be 
best made once the severity of ED is assessed at an adequate period of follow-up. 
Oral phosphodiesterase-5 (PDES) inhibitors must be considered as first-line ther- 
apy for all patients with ED, although in some patients they are poorly tolerated or 


212 B.R. Lane and D.K. Montague 


contraindicated. In the major studies of oral PDES inhibitors, PC patients consis- 
tently respond more poorly than other men (20,21). This may be a reflection of eti- 
ology and/or severity of ED in these patients. Other options, including intraurethral 
prostaglandin, intracavernosal injection of prostaglandin or combination therapy, 
vacuum-constriction devices, and penile prostheses, must be discussed with the 
patient. While these therapies are considered second-line therapies in the average 
ED patient, they must be considered and discussed for all PC patients with ED. 
The purview of this chapter is to discuss the indications, techniques, and out- 
comes of non-pharmacologic therapies for ED in the patient with PC. A systematic 
review of articles available on MEDLINE®) as of March 2006 using the MeSH 
terms “penile prosthesis” or “penile implantation” revealed 679 articles. The titles 
and abstracts of all 95 English-language references listing cancer as a subheading 
were reviewed and the complete text of 23 of these manuscripts were examined 
further. In addition, review of the titles of all 101 non-English-language references 
revealed | manuscript regarding penile prostheses in PC patients. Finally, 18 refer- 
ences were identified by a search using “penile prosthesis” or “penile implantation” 
and “prostatic neoplasms” and 4 additional references by combining “radiotherapy” 
and these 2 terms. Each of these relevant manuscripts were reviewed and included. 


2 Implantation of Inflatable Penile Prostheses 


Penile prostheses can be classified as inflatable and non-inflatable. The benefits of 
non-inflatable, or semi-rigid, prostheses include lower cost and low mechanical fail- 
ure rate, but disadvantages include continuous penile rigidity and increased risk of 
erosion (22). Most specialists recommend malleable prostheses in a minority of 
patients, given the excellent outcomes observed with the inflatable penile prosthe- 
sis (IPP) (23-30). These devices are composed of two or three parts: paired inflat- 
able cylinders, a pump that regulates fluid transit from the reservoir to the cylin- 
ders, and a fluid-filled reservoir. In three-piece IPP the reservoir is typically placed 
in the perivesical space, while in two-piece devices, it is an integrated part of the 
cylinders. Since the initial prototypes were developed in 1973, IPP have undergone 
major modifications that have resulted in lower rates of infection and technical fail- 
ure (28,30,31). These include design modifications to all components and the addi- 
tion of an antibiotic-containing or hydrophilic coating to reduce infections, each of 
which has been described in detail elsewhere (28,30). 

Several articles have detailed the surgical technique for placement of these 
devices (32,33). Our preferred approach involves placement of a three-piece device 
under either spinal or general anesthesia. In the operating room, skin shaving is 
performed followed by a 10 min skin prep and isolation of the surgical field with 
paper drapes. A transverse incision is made about 1 cm below the penoscrotal junc- 
tion and directed toward the urethra and corpora cavernosa, rather than the scro- 
tum. Dartos fascia is dissected off the urethra and proximal corpora (crura) and a 
ring retractor is placed to maintain exposure using a combination of hook stays and 
retractor blades. Paired 2 cm corporotomies are made and two horizontal mattress 
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Fig. 1 After making a transverse incision 1 cm below the penoscrotal junction, and dissecting 
toward the urethra and corpora cavernosa, a ring retractor has been placed to maintain exposure 
using a combination of hook stays and retractor blades. Dartos fascia has been dissected off the 
urethra and proximal corpora, and a 2 cm right corporotomy has been made. Two horizontal mat- 
tress sutures of 2-O PDS II serve as guide sutures during dilation and measurement of the corpora, 
and are later used to close the corporotomies after cylinder placement 


sutures of 2-O PDS II (polydioxanone, Ethicon, Inc., Somerville, NJ) are placed on 
each side of each corporotomy (Fig. 1). These sutures serve as guide sutures during 
dilation and measurement of the corpora, and are later used to close the corporo- 
tomies after cylinder placement (34). Dilation and calibration begins with an 8 mm 
Hegar dilator and proceeds to 14 mm distally (Fig. 2) and to 16 mm proximally. 
The larger size proximally allows for both the device and device tubing. If the cor- 
pora cannot be dilated without force, rounded-tip Metzenbaum scissors can be used 
with or without special cutting dilators, and in some cases, extension of the cor- 
porotomies is necessary (33,35,36). Where dilation to 14 mm and 16 mm cannot be 
achieved, we recommend that smaller diameter cylinders be used (33). 

The proximal and distal corporal lengths are measured internally from the respec- 
tive ends of the corporotomies. The appropriate cylinder size is selected by summing 
these measurements without including the 2 cm corporotomy (37). All device com- 
ponents are filled with normal saline to displace air and, for placement, the reservoir 
is emptied and the cylinders are left rounded, but not inflated. Irrigation contain- 
ing antibiotics (typically, bacitracin) is used immediately prior to placement of all 
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Fig. 2 Dilation and calibration of the right distal corpus cavernosum is performed using a 14-mm 
Hegar dilator. Dilation of the proximal erectile body to 16 mm allows for both the cylinder and 
tubing of the IPP 


components and tubing connections. A Furlow cylinder inserter aids distal cylinder 
placement, delivering the needle and guide sutures through the tip of the corpus 
cavernosum and out through the glans (Fig. 3). Rear tip extenders are added (if 
needed), and the proximal tip is inserted, ensuring that the rounded visible portion 
of the cylinder lies flatly within the open corporotomy (Fig. 4). The corporotomies 
are closed using the preplaced horizontal mattress sutures (34). 

A second incision through dartos fascia in the scrotal septum is used to place the 
pump, which is oriented at the base of the scrotum in the midline with the reservoir 
tubing in front and the two cylinder tubings behind (Fig. 5). All three tubes are 
routed separately into the first incision through the back wall of the pouch (Fig. 6), 
which is then irrigated with antibiotic solution and closed with running 3-O Dexon II 
(polyglycolic acid suture, United States Surgical, Tyco Healthcare Group, Norwalk, 
CT). The redundant tubing between the pump and cylinders is cut prior to making 
straight, sutureless connections (Fig. 7). A 50-ml syringe filled with normal saline 
serves as a temporary reservoir, while the device is cycled to ensure adequate rigidity 
and straightening and proper fit (Figs. 8 and 9). 

A urethral catheter is inserted and the bladder is drained until completely empty 
with suprapubic pressure to ensure safe reservoir insertion into the retropubic space. 
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Fig. 3 The Furlow cylinder inserter has been placed within the corpus cavernosum, and the Ultrex 
cylinder is shown beside the penis. A needle and guide sutures will be passed out through the tip 
of the glans to guide distal placement of the cylinder 


The surgeon’s index finger identifies the external inguinal ring, or if not palpable, 
a point just above the pubic tubercle. The transversalis fascia is perforated using 
Metzenbaum scissors or a Kelly clamp medial to the finger. If all fascial layers 
are perforated, the surgeon’s index finger will enter the retropubic space without 
a “trampoline” effect and the back of the symphysis pubis and balloon within the 
empty bladder will be palpated. In post-prostatectomy patients, scarring of the fascia 
may make perforation somewhat more difficult; however, this maneuver can still be 
made safely. A nasal speculum with long blades guides placement of the empty 
reservoir into the retropubic space and the device is filled with normal saline. If 
properly situated, only the tubing hub of the reservoir should be palpable protruding 
through the fascia (Fig. 10). The fluid pressure in the reservoir is zeroed by applying 
manual suprapubic pressure and allowing fluid to escape from the reservoir into an 
empty 50-ml syringe held at bladder level. The reservoir tubing is then brought into 
the incision in the upper scrotum and the third straight, sutureless connection is 
made. A closed suction drain is introduced through a separate stab inguinal incision 
and laid along the tubes and connectors at the base of the penis. Dartos fascia is 
closed transversely with running 3-O Dexon and the skin is closed with running 
subcuticular 4-O Vicryl suture. 
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Fig. 4 After inserting the proximal tip of the cylinder, the rounded visible portion of the cylinder 
lies flatly within the open corporotomy. The preplaced horizontal mattress sutures are then used to 
close the corporotomies 


After an overnight stay in the ambulatory surgery center, the closed suction 
drain and urethral catheter are removed. Patients are instructed to take an oral 
cephalosporin for | week after surgery, and typically require oral narcotics for this 
duration as well. After this, non-steroidal anti-inflammatory agents usually suffice. 
The patient is instructed to restrict lifting and other activities that might displace the 
reservoir and to keep his penis up on the lower abdomen to prevent ventral curva- 
ture for 1 month. Most men are ready for instructions on device cycling 1 month 
after surgery, and coitus can begin when inflation can be accomplished without 
discomfort (33). 


3 Outcomes of Penile Prosthesis Placement 


The Cleveland Clinic experience with IPP placement prior to and after the 1993 
modification of the American Medical Systems Ultrex device has previously 
been reported, and our experience with re-operation for failed prostheses and in 
post-prostatectomy patients has been recently updated (28,38,39). Since the 1993 
modification of the Ultrex, an estimated 94% of devices are free of mechanical 
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Fig. 5 After incising dartos fascia in the scrotal septum, space for the pump is developed using a 
ring forceps. The pump is then oriented at the base of the scrotum in the midline with the reservoir 
tubing in front and the tubing to the two cylinders behind 


failure at 5 years after placement (28). Kaplan—Meier projections of survival free 
of mechanical failure at 5 years range from 80 to 96% in various published series 
of three-piece IPP (23-30). Infection of the periprosthetic space usually requires 
removal of all components of the prosthesis, although salvage in a single operation 
is sometimes possible (40). Device manufacturers have introduced surface treat- 
ments combining rifampin and minocycline (InhibiZone™) or polyvinylpyrroli- 
done in an attempt to reduce infections. Large studies comparing coated devices 
to controls have shown reductions in early rates of infection from 1.6 to 0.7% with 
InhibiZone™, and from 2 to 1% with polyvinylpyrrolidone (41,42). Although previ- 
ous reports indicate a higher infection rate (up to 16%) during replacement of failed 
devices, our recent experience demonstrates an acceptable rate of infections (1.8%) 
using antibiotic-coated devices (38). Management of complications and other spe- 
cial situations is discussed in more detail elsewhere (33). 

After IPP placement, 83-85% of men and 70-76% of their partners are satisfied 
with the use of the device (43,44). Satisfaction continues to improve between 3 and 
12 months after surgery, with highest patient satisfaction at 1 year after surgery 
(45,46). Comparative studies indicate that ED patients managed with IPP have the 
highest levels of satisfaction when compared with patients receiving other forms of 
therapy (1,47,48). 
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Fig. 6 The tubing to each cylinder and the reservoir (three in total) is routed separately into the 
first incision through the back wall of the scrotal pouch 


4 Penile Prosthesis Placement Before Radical Prostatectomy 


Multiple small series have reported RP in patients who had previously undergone 
IPP placement (49-53). In 1992, the technique used to perform retropubic RP in 
eight patients with preexisting IPP cases was first reported (49). In two patients in 
whom the reservoir was in the perivesical space, RP was completed without mod- 
ification (49). Reservoir removal was required in order to complete the RP in six 
patients, three of whom had the reservoir replaced between 3 and 6 months after 
RP and three others who never had the reservoir replaced (49). Prosthesis infection 
occurred in one of the two patients in whom the reservoir was left in place (49). The 
authors conclude that prior IPP should not preclude RP, but the reservoir may need 
to be temporarily removed in order to complete the procedure. A different technique 
was reported in 1997, in which the reservoir of a three-piece IPP was dissected out 
of the pseudocapsule and placed above the pubis during RP and replaced in the 
perivesical space at the end of the case (50). No intraoperative or post-operative 
complications were observed in either of the two patients (50). The group at Wayne 
State subsequently reported a similar technique during RP in eight men with prior 
IPP (51). The cylinders were fully inflated to remove fluid from the reservoir, which 
was then dissected free of its pseudocapsule using only cutting cautery (51). The 
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Fig. 7 The tubing between the pump and each cylinder is cut to eliminate redundant length prior 
to making straight, sutureless connections 


reservoir was placed out of the field in an antibiotic-soaked sponge until comple- 
tion of the RP. At that point, the device was cycled to ensure proper function, and 
the reservoir was re-placed in the perivesical space along with two closed-suction 
drains (51). In one case, the reservoir tubing was punctured during closure of the 
abdominal fascia wall and immediately repaired (51). All eight patients had a func- 
tioning penile prosthesis after RP and the authors concluded that patients with a 
preexisting penile prosthesis should not be denied RP (51). Schanne et al. reported 
three cases in which the IPP reservoir was relocated within the extraperitoneal space 
without disrupting the tubing in order to facilitate dissection (52). They reported no 
complications or injuries to the IPP, and reactivation was successful 6 weeks after 
surgery (52). Mireku et al. reported that RP was accomplished without complica- 
tion in 6 patients with previously placed IPPs without injury to the device or other 
pelvic organs (53). The prosthesis was inflated to reduce the volume of fluid in 
the reservoir and otherwise left intact (53). We were unable to identify any reports 
in which perineal RP was performed in a patient with a preexisting IPP, although 
this approach might be feasible without injury to the device or need to relocate the 
reservoir. Similarly, no reports of laparoscopic or robotic RP in patients with previ- 
ously placed prostheses were identified. In summary, the most commonly used tech- 
nique involves relocation of the reservoir above the pubis during retropubic RP and 
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Fig. 8 After both cylinders have been connected to the pump, a syringe filled with 50 ml of normal 
saline serves as a temporary reservoir. In this patient, the length of the flaccid penis with both 
cylinders in place is between 12 and 13 cm 
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Fig. 9 Using the syringe as a temporary reservoir, the device can be cycled to evaluate the length 
and quality of erection with the prosthesis in place. The erect penis in this patient has a gentle 
dorsal curve and measures 16 cm 
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Fig. 10 After the bladder has been drained completely using a urethral catheter, the transversalis 
fascia is perforated medial to the surgeon’s index finger in the external inguinal ring. The empty 
reservoir is then placed in the perivesical space guided by a nasal speculum with long blades. When 
properly situated, only the tubing hub of the reservoir is palpable protruding through the fascia 


replacement within the perivesical space after the completion of the vesicourethral 
anastomosis. This technique was utilized in 13 patients, with only | minor compli- 
cation (5%). An alternative technique involves inflation of the prosthesis to reduce 
the reservoir volume, without relocating the reservoir, although the single prosthesis 
infection (4%) among the 27 reported cases occurred in | of the 8 patients treated 
in this manner (49). 


5 Penile Prosthesis Placement Simultaneously with Radical 
Prostatectomy 


Several surgeons have advocated concurrent placement of IPP following comple- 
tion of RP in certain patients. Candidates would include those in whom RP has been 
completed without undue length of anesthesia or blood loss in whom a significant 
amount of ED is expected after surgery based on preoperative sexual function and 
intraoperative results (non-nerve-sparing RP). In the initial report of concurrent non- 
nerve-sparing RP and IPP placement, 50 patients were treated successfully with an 
additional operative time of 82 min (54). No intraoperative complications related 


14 Non-pharmacologic ED Treatments After Prostate Cancer Therapy 223 


to placement of the prosthesis were reported and during the mean follow-up of 1.7 
years, no prosthesis infections occurred and 4 revisions were performed (54). In 
comparison with 72 patients who underwent RP alone, the additional procedure did 
not increase blood loss, hospital stay, or analgesic requirements, and the patients 
resumed intercourse 13 weeks after surgery (54). This group later reported qual- 
ity of life data in 51/120 men (43%) that had undergone simultaneous procedures 
(RP/IPP) between 1993 and 2000 (55). Outcomes in these patients were compared 
with 47 men who had undergone RP alone and the subgroup of 15 patients who 
had undergone nerve-sparing RP (55). In this study, one RP/IPP patient underwent 
removal of IPP for device failure and five patients underwent IPP placement after 
RP alone (55). The majority of patients in the RP alone group used sexual aids, 
including injections (60%), oral PDES inhibitors (55%), and/or vacuum constriction 
device (45%). Erectile function, as assessed by the Erectile Dysfunction Inventory 
of Treatment Satisfaction score, was highest in the RP/IPP group, and these patients 
reported a greater frequency of sexual contacts (mean 2.4 per month) than either of 
the RP or nerve-sparing RP groups (mean 1.0 and 1.1 per month). Overall quality 
of life was assessed using the total score of a 30-question instrument, the prostate 
cancer-specific European Organization for the Research and Treatment of Cancer 
QOL questionnaire. Total score and sexual function subscale were highest in the 
RP/IPP group, reflecting a potential advantage of this approach, although the study 
methodology was somewhat flawed and the sample size is small (55). The authors 
conclude that simultaneous RP and IPP placement is well-tolerated and may be 
desirable in patients in whom post-operative ED is likely, including those in whom 
a nerve-sparing RP is not performed. 

Some have reported anecdotal placement of the reservoir at the time of retrop- 
ubic RP in order to facilitate placement of an IPP at a later date. As we have not 
encountered significant difficulty in placing a reservoir in patients who had previ- 
ously undergone RP, we do not feel that this maneuver will benefit a given patient 
significantly. In our opinion, simultaneous RP and IPP placement is a reasonable 
option and could be offered to a greater number of patients than currently undergo 
concurrent procedures. The risks of any combined procedure, however, are theo- 
retically higher than either procedure alone and planned IPP placement should be 
aborted if non-nerve-sparing RP does not proceed smoothly, within the expected 
operative time, and with no more than the expected amount of blood loss. 


6 Penile Prosthesis Placement After Radical Prostatectomy 


There are a few published surgical series regarding IPP placement in RP patients 
(39,56). Nevertheless, post-prostatectomy ED patients represent between 9 and 
25% of the patients who have undergone IPP placement in most surgical series. 
Some reports specifically identify factors contributing to ED, including surgical 
or radiation therapy for prostate cancer, and in these, between 9 and 13% of 
patients had undergone prior prostatectomy (23,44,46). The majority of reports 
group patients undergoing RP into various categories, such as “pelvic trauma,” 
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“iatrogenic surgery,” or “pelvic trauma/surgery,” which represent 10-25% of 
patients (24,26,28), or “other,” which represents 16-20% of patients (29,30). Some 
series do not report potential etiologies of ED (25,47,57). The results of IPP in each 
of these reports are analyzed for patients with ED of all etiologies, without specific 
mention of prostate cancer patients who had undergone RP or other forms of treat- 
ment. We feel that conclusions drawn from these reports can, in general, be applied 
to this subgroup of ED patients. 

However, two points deserve further mention in regards to patients with post- 
prostatectomy ED. First, optimal timing of surgical intervention depends upon the 
severity and progression of ED in an individual patient. Erectile function contin- 
ues to improve until between 12 and 24 months after surgery (8-10,12-14), so 
conservative management of ED in patients with some return of erectile function 
during this time is reasonable. On the other hand, management with IPP should 
be discussed with and strongly considered for patients with more significant ED, 
ED that is refractory to other treatment modalities, or profound ED 12 months 
after RP. Secondly, some surgeons do not offer three-piece devices to patients who 
have undergone previous retropubic or inguinal surgery because of a perceived 
increased intraoperative risk. In our experience, while the fascia is scarred and may 
be more difficult to perforate, implantation of a retropubic reservoir is safe in these 
patients. We have not observed any intraoperative complications during three-piece 
IPP placement in 115 patients who had undergone RP previously (39). We, there- 
fore, do not feel that prostatectomy should be a contraindication for placement of 
a retropubic reservoir, and these patients should be offered the same prostheses as 
other patients. 


7 Penile Prosthesis Placement Before Radiation Therapy 
for Prostate Cancer 


When considering radiotherapy for prostate cancer, a history of prior pelvic or 
abdominal surgery may increase the likelihood of complications and radiation treat- 
ment planning should be tailored accordingly. In patients who have undergone 
placement of an IPP or artificial urinary sphincter, state-of-the-art conformal tech- 
niques should be employed to limit the radiation dose that will be administered in the 
region of the device, but portions of the device will inevitably receive some degree 
of radiation. Limited in vitro testing has revealed that certain prosthetic devices 
can withstand 40-100 Gy given using a 6 MV photon beam without malfunction 
(58). The worldwide reported clinical experience is limited to a single patient who 
received external beam radiotherapy and five patients who received brachytherapy 
with coexistent penile prostheses (58,59). A man with clinically localized Gleason 9 
PC received 60 Gy to a field encompassing the prostate and proximal ends of an IPP, 
with the other components of the device receiving no more than an exit dose (58). 
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Although the patient developed radiation proctitis, the device continued to function 
normally until his demise 18 months after treatment (58). 

Li et al. reported successfully administering transperineal interstitial brachyther- 
apy to five patients with a previously placed and functioning penile prosthesis, 
including four patients with semi-rigid implants and one patient with a three-piece 
IPP (59). Unfortunately, transrectal ultrasound was unable to reliably visualize the 
cylinders during needle placement (59). Therefore, CT of the pelvis obtained prior 
to treatment in order to exclude that the needle path would traverse either the pubic 
arch or the cylinders (59). Brachytherapy was performed according to standard pro- 
tocol in all five cases, without suspected injury or infection to the prosthesis. No 
patient experienced prosthesis-related pain, infection, or malfunction during the 
first year after brachytherapy. The patient with the three-piece IPP developed a 
fluid leak from the reservoir tubing 8 years after device placement and 13 months 
after brachytherapy, making it unclear whether the malfunction was related to the 
radiotherapy (59). The authors propose that prosthesis malfunction and infection 
should be unlikely if brachytherapy is performed after an adequate pseudocapsule 
has formed, given that the majority of infections occur shortly after IPP place- 
ment (59). To reduce the chance of prosthetic infection, they advocate delaying 
brachytherapy until at least 6 months after IPP placement, full bowel preparation 
prior to brachytherapy, and administration of intravenous broad-spectrum antibi- 
otics before and after brachytherapy (59). 

We feel that when considering RT for a patient with a preexisting prosthesis, 
options include removal of the device prior to conformal radiotherapy, delivering a 
reduced dose or using a modified template, or giving standard treatment despite the 
poorly understood effects of radiation on various prosthetic devices. The likelihood 
of prosthetic infection or failure after radiotherapy is unclear, but does not appear 
to be unreasonable. Therefore, alternative treatments should be considered strongly 
and patients should be adequately informed of the paucity of available data and 
potential risks inherent with such treatment. 


8 Penile Prosthesis Placement After Radiation Therapy 


As with post-prostatectomy ED, few of the major series mention RT specifically as a 
causative factor prior to IPP placement (24-26,28-30,46,47,57). In one series of 145 
patients, 1 patient each had received brachytherapy or external beam RT prior to IPP 
placement (44). In another series, 5 of 371 patients (1.3%) had a history of “pelvic 
irradiation” (23). In none of these reports is there mention of technique modification 
or outcomes in patients with prior radiotherapy (23-26,28—30,44,46,47,57). 

A single series reported outcomes in 43 patients who underwent penile implant 
after radiation therapy for prostate cancer (60). Multi-component IPP, single com- 
ponent IPP, and semi-rigid rods were implanted in 76, 13, and 11% of patients, 
respectively (60). The reported surgical technique in these patients was identical to 
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that performed in other patients, which included use of an “infection minimization 
protocol” (60). No patient in their surgical series experienced device infection or 
erosion, although one patient had undergone three prior prosthesis surgeries else- 
where, including placement, removal of an infected device, and subsequent failed 
re-implantation. At median follow-up of 24 months (range 8—145 months), three 
patients (7%) had required repeat surgical procedures due to fluid leak (60). Of note, 
two of the three mechanical failures occurred in devices no longer on the market 
(60). Of the 34 monitored patients, 32 (94%) stated they would undergo the surgery 
again and recommend the same surgery to others; including 24 patients (71%) who 
use the device at least once weekly. The two dissatisfied individuals included one 
patient who could not learn to cycle the device and one patient who was placed on a 
luteinizing hormone-releasing hormone analogue for advanced prostate cancer but 
attributes loss of libido to the implant (60). 

In this series, 35 patients (81%) underwent definitive RT to the prostate and sem- 
inal vesicles with total photon equivalent dose of 67—0 Gy, 9 of whom also received 
a neutron dose of 9-5 nGy 67 to the prostatic bed after RP. Contemporary radiation 
dosages for prostate cancer are somewhat higher (78-81 Gy), but provide less of a 
dose to off-target tissue (61). We do not feel that pelvic irradiation as treatment for 
prostate cancer or otherwise should alter management options for patients in whom 
penile prosthesis surgery is being considered; three-piece IPPs are likely to provide 
the best results in these patients. 


9 Penile Prosthesis Placement After Hormonal or Other 
Systemic Therapy for Prostate Cancer 


Placement of a device in patients who have undergone pharmacologic castration 
or other systemic therapy is the same as for any other patient. There are no stud- 
ies that specifically address technical outcomes or patient satisfaction in patients 
treated with hormones for PC or other hypogonadal patients who have undergone 
IPP placement. However, these patients in particular should be reminded that IPP 
will only correct ED, and will not increase libido or alter penile sensation or ejacula- 
tory function. Outcomes would be expected to be no different than for other patients 
with ED. 


10 Vacuum Erection Device Therapy 


Vacuum constriction devices (VCD) are a non-pharmacologic, non-invasive, 
mechanical means to achieve a functional erection in motivated patients (62,63). 
Most devices work by drawing blood into the penis using negative pressure and 
then affixing a ring around the base of the engorged penis. Widespread use of VCD 
has been limited by low acceptability to both patients and their sexual partners. 
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Although early reports estimated overall satisfaction rates greater than 80% (62), 
more recent studies have demonstrated relatively high rates of dissatisfaction with 
and discontinuation of VCD (12,64,65). In a review of sexual function outcomes in 
1,288 men with prostate cancer who had undergone RP, 25% reported that they had 
used a vacuum erection device. Of these men, 35% reported that the VED helped “a 
lot” and 25% reported that erections were firm enough for intercourse (12). In one 
study of 129 ED patients, the attrition rate was 65%, with discontinuation occur- 
ring at a median of | month after initiation of treatment (65). The 2005 AUA ED 
guideline update panel recommended using only VCD containing a vacuum limiter 
(pop-off valve), in order to avoid injury to the penis at high negative pressure (66). 
VCD remains a reasonable alternative for prostate cancer patients in whom phar- 
macologic agents are ineffective or contraindicated and are not interested in or poor 
operative candidates for IPP. 

Other external erectile aids are an intriguing alternative for ED treatment in 
highly motivated patients, but other than a single case report (67) scientific data 
on this strategy are lacking. 


11 Conclusions 


ED is common in patients with prostate cancer and can be the result of neural injury 
from pelvic surgery or radiation or any of the other etiologies responsible for ED 
in other patients. Pharmacologic interventions can be attempted in most patients 
without detriment, but ED patients who have received treatment for PC respond 
less well to PDES inhibitors than other ED patients. Penile prostheses consistently 
provide the greatest patient (and partner) satisfaction and should be considered in 
patients who wish to maintain sexual activity despite poor erectile function after PC 
treatment. IPP can be considered prior to or shortly after RP in patients unlikely to 
retain sufficient erectile function. Placement of IPP after RP is safe and effective as a 
second-line therapy in those who have ED refractory to oral pharmacologic agents. 
Other non-pharmacologic interventions are used by a minority of men, but can be 
an effective alternative in the motivated patient. 
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Abstract Testosterone (T) deficiency, also termed hypogonadism, affects a sub- 
stantial proportion of older men, and causes a variety of symptoms and signs, such 
as erectile dysfunction, diminished libido, fatigue, depression, and diminished bone 
mineral density. Testosterone replacement therapy (TRT) can be an effective ther- 
apy, but there has been a long-standing and widely held fear of offering TRT in the 
prostate cancer (PCa) patient due to the concern that higher T levels may “awaken” 
dormant PCa cells, and cause a recurrence or progression of the cancer. Indeed, 
product information packaging for testosterone products includes FDA-mandated 
language stating that TRT is contraindicated in men with a history of, or suspicion 
of prostate cancer. 
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However, scientific literature fails to provide support for this concept. The ori- 
gin of the concern stems from the landmark work by Huggins and co-workers, who 
reported in 1941 that severe reductions in serum T by castration or estrogen therapy 
caused regression of prostate cancer (PCa), and also that administration of T caused 
“enhanced growth” of PCa. Remarkably, the assertion by Huggins regarding the 
“enhanced growth” of PCa was based on a single patient. A number of reports prior 
to 1982 described the use of daily T injections in men with advanced PCa, with some 
men experiencing subjective benefits, and without any indication of unexpected dis- 
ease progression. Although there is little modern experience with administration of 
T in men with known history of PCa, there is a varied and extensive literature indi- 
cating that higher T does not pose any increased risk of PCa growth, in men with or 
without prior treatment. For instance, the cancer rate in TRT trials is only approx- 
imately 1%, similar to detection rates in screening programs, yet biopsy detectable 
PCa is found in one of seven hypogonadal men. Moreover, PCa is almost never 
seen in the peak T years of the early twenties despite autopsy evidence that men 
in this age group already harbor microfoci of PCa in substantial numbers. Finally, 
a recent report showed that concentrations of T and DHT within the prostate were 
unchanged after 6 months of TRT, thus providing an explanation why TRT may not 
cause increased PCa growth. 

The growing number of PCa survivors who happen to be hypogonadal and 
requesting treatment has spurred a change in attitude toward this topic, with increas- 
ing numbers of physicians now offering TRT to men who appear cured of their dis- 
ease. Publications have now reported no PSA recurrence with TRT in small numbers 
of men who had undetectable PSA values following radical prostatectomy. Although 
still controversial, there appears little justification to withhold TRT from men with 
favorable outcomes after definitive treatment for PCa. 


Keywords Testosterone; androgen; prostate cancer; hypogonadism; testosterone 
replacement therapy; libido; erectile dysfunction. 


1 Introduction 
1.1 Testosterone Deficiency and the Prostate Cancer Patient 


Testosterone deficiency, also termed hypogonadism, can cause a variety of symp- 
toms and signs, such as erectile dysfunction, diminished libido, increased fatigue, 
depression, and decreased bone mineral density (1). Testosterone replacement ther- 
apy (TRT) is often effective in treating these symptoms and signs (2); however, there 
has been a long-standing and widely held taboo against offering TRT to men with a 
history of prostate cancer (PCa), regardless of disease status. This taboo arose from 
the concern that higher serum T levels would “awaken” dormant PCa cells, thus 
causing disease progression or recurrence. The prohibition against TRT has partic- 
ular poignancy for PCa survivors, who often have already experienced significant 
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compromise of their sexual function from their cancer treatments, and also because 
their cancer treatment may have directly caused the reduction in serum T that has 
contributed to their symptoms. 


1.2 The Origin of the Prohibition Against TRT in Prostate 
Cancer Patients 


The origin of the prohibition against TRT in prostate cancer patients a rose from the 
work of Huggins and co-workers in 1941, who reported that castration or lowering 
of T by estrogen administration caused PCa to regress (3), and that T administration 
caused “enhanced growth” of PCa. This prohibition against TRT in men with a 
history of PCa reaches to the highest levels of medicine. Product labeling for T 
formulations includes a contraindication against using T in men with “a history 
of, or suspicion of, prostate cancer” (4). Several years ago, the NIH temporarily 
halted T-related research, in part due to prostate safety concerns, until the Institute 
of Medicine could make recommendations regarding effective and ethical T trials. 
It has even been suggested that men who only have a family history of PCa should 
not be offered TRT (5). 

However, with the increased interest in TRT over the last decade, the relationship 
of T to PCa has come under greater scrutiny. Surprisingly, multiple reviews have 
failed to find any compelling evidence supporting the decades-old assumption that 
higher T causes PCa growth (6—10). And there is now a growing population of 
otherwise healthy men who have survived definitive treatment for PCa and who 
happen to have symptomatic hypogonadism, and are requesting treatment. These 
events have conspired to create a new environment regarding the use of TRT in men 
with PCa or at risk for it. 

The change in attitudes regarding this issue is manifest by the appearance of 
publications questioning the relationship of T to PCa (6,9,10), by several small pub- 
lications reporting no ill-effects of TRT in men who appear cured of PCa (11,12), 
and by substantial interest in the topic at medical meetings with lectures addressing 
this issue. 


2 Historical Experience with Testosterone and Prostate Cancer 
2.1 The Original Report: Huggins 


In 1941 Huggins and co-workers reported that men with metastatic PCa demon- 
strated significant reductions in serum acid phosphatase when T was severely 
reduced by castration or with estrogen treatment (3). In the same publication, Hug- 
gins and co-workers also administered T for short duration in several of these men, 
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Table 1 Long-Standing Arguments Versus Facts Regarding the Relationship Between Testosterone 
and Prostate Cancer 


Lowering testosterone to castrate levels causes PCa to regress, so raising T is likely to increase 
growth 

— Data support a saturation curve, in which cancer growth follows T levels only with changes 
at very low levels 

Huggins reported that T supplementation caused enhanced growth of PCa 

— Data presented for only a single patient who had not been previously manipulated 

hormonally 
Fowler and Whitmore reported that 45 of 52 men with metastatic PCa treated with T had an 

“unfavorable response” 

— Only 4 men in their study population had not been castrated or treated with estrogen to 
lower testosterone, and those 4 men had a fairly unremarkable clinical course. The authors 
concluded that endogenous levels of testosterone may be enough to provide “near-maximal 
stimulation” of prostate cancer growth. 

Men castrated early in life never develop PCa 

— First asserted in 1948. Widely repeated, but incorrect, and without scientific support. 

The transient rise in testosterone with LHRH agonists, termed testosterone flare, is associated 
with poor clinical outcomes due to PCa progression. 

— In two studies that reported PSA values during the course of the testosterone flare, no 
increase in PSA was noted during or after the observed increase in testosterone levels. 


and reported that acid phosphatase levels rose, leading them to conclude that T 
administration caused “enhanced growth” of PCa. This paper established the hor- 
monal dependence of prostate cancer, and forms the basis for current treatment 
with the use of LHRH agonists in men with advanced PCa. Huggins eventually 
was awarded the Nobel Prize for this landmark work (Tables 1 and 2). 

However, the portion of the paper that addressed the effects of T administration 
fails to stand up to scientific scrutiny, at least by today’s standards. Whereas three 
men were reported to have received T injections, results were provided for only 
two men, and one of these men had been previously castrated. Thus, the original 
assertion that T administration in previously untreated men would cause “enhanced 
growth” of PCa was based on short-term blood test results in only a single patient! 


Table 2 Inconsistencies in Current Approach to Testosterone and Prostate Cancer 


— If testosterone were truly a major stimulus for PCa growth, why is it that we rarely see clinical 
PCa in the peak testosterone years of 20-39, despite the presence of PCa in substantial 
numbers of men in this age group, as shown by autopsy studies? 

— Why does the prevalence of PCa rise dramatically with advancing age, when testosterone levels 
are low, and is almost never seen in young men, when testosterone levels are high? 

— We deny testosterone supplementation to men who appear to have been cured of PCa after 
definitive treatment, with the rationale that higher testosterone levels might “awaken” dormant 
malignant cells, yet we make no attempt to reduce testosterone in men with normal endogenous 
levels. 

— If the concern is that testosterone causes progression of PCa after a delay of 20-30 years, then 
why do we have any hesitation in offering testosterone treatment to men in their sixties and 
seventies? 
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2.2 Historical Experience with T Administration 
in Men with PCa 


Other investigators of that era failed to find worrisome progression of PCa in men 
receiving T administration. Prout et al. (13) administered daily injections of T pro- 
pionate to 26 men, of whom 20 had not been castrated. Although no regression 
of PCa was noted in any of these men, some did experience beneficial subjective 
responses, such as increased appetite, decreased bone pain, and an improved sense 
of well-being. The improvement in bone pain reported by these investigators is in 
contrast to the conventional modern wisdom that higher T routinely causes worse 
bone pain among men with bone metastases. No obvious or precipitous progression 
of PCa with T administration was reported in these men. 


2.3 The Memorial Sloan-Kettering Experience 


Fowler and Whitmore reported on the experience of T administration in men with a 
history of bone metastases from PCa treated at the Memorial Sloan-Kettering Can- 
cer Center over a period of 18 years (14). Of 52 men, 45 were reported to have 
experienced an “unfavorable response,” a broad category that included clinical pro- 
gression, worse bone pain, or an increase in acid phosphatase. This report is often 
cited as proof that T administration is dangerous for men with PCa. 

However, a close reading provides a different conclusion. Of these 52 men, only 
four had not previously undergone castration or estrogen treatment. Since we know 
that PCa will recur if T deprivation is reversed, there should be no surprise that most 
of these previously treated men experienced negative outcomes with restoration of T 
levels. The group of greater interest is the men who had not been previously treated. 
Of these four, one had an early “unfavorable” response, not otherwise specified, 
one had a beneficial subjective response, and the remaining two had “unfavorable” 
responses at 56 and 310 days of T administration. The authors concluded from this 
experience that endogenous levels of T may be enough to provide “near-maximal 
stimulation” of PCa growth (14). 


3 Modern Evidence Regarding Testosterone 
and the Risk of PCa 


3.1 Natural History 


The concept that higher T represents a risk for PCa growth or subsequent develop- 
ment has been a touchstone of uro-oncology, but the evidence to support this belief 
has been elusive, and the logic has always been strained. Reviews have failed to 
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find compelling evidence demonstrating a link between higher T and PCa. And the 
concept defies the epidemiology of PCa, rarely occurring during the peak T years 
of the twenties and thirties, but becoming highly prevalent when men are older and 
T levels have declined substantially. Moreover, it is known from autopsy studies 
that a significant percentage of men in their twenties already harbor microfoci of 
PCa (15). If high T caused enhanced PCa growth, one would expect to find a much 
greater number of PCa cases in young men. 


3.2 Longitudinal Studies of Serum Testosterone and Subsequent 
Risk of Prostate Cancer 


3.2.1 Overview 


There are at least 16 sizable longitudinal studies investigating the relationship of 
endogenous levels of multiple hormones and the subsequent risk of PCa (16-22). 
In these studies, blood is obtained at baseline, men are followed for periods of up 
to 20 years or longer, and a group of men is identified who has developed PCa in 
the interim. A control group of an equal or greater number of age-matched individ- 
uals who did not develop PCa is then identified. Samples frozen from study entry 
are then thawed and tested for various hormone levels. Not one has shown an asso- 
ciation between total testosterone and subsequent risk of PCa. A few have shown 
weak associations with minor androgens or ratios of T to other hormones, but those 
findings have not been reproducible. The largest of these studies, from Scandinavia, 
actually reported an association between PCa and low serum testosterone (18). 


3.2.2 Reported Associations Between PCa and T in Longitudinal Studies 


Three of these longitudinal studies have suggested a relationship with androgens. 
One of these reported an association with the weak androgen androstenedione (22), 
and another reported an association with calculated free testosterone (17). Neither 
of these results has stood up to subsequent investigation. Another study reported a 
relationship between PCa and ratios of T to sex hormone binding globulin, as well 
as a relationship to T when adjusted simultaneously for four other hormones (27). 
This latter study was derived from the Physician’s Health Study, published in 
1996 (20). It can be instructive to examine the details of such studies, in particu- 
lar what relationships proved not to be significant, and the ways in which positive 
associations were identified. In this study, 222 men developed PCa between 1982 
and 1992. An age-matched group of 390 men who did not develop PCa served as a 
control population. The primary findings were that no significant differences were 
seen in test results between the PCa and non-PCa groups with regard to any of the 
hormones studied, including total testosterone, estradiol, SHBG, and DHT. There 
was also no increased risk found for increasing levels of T, or for any other hor- 
mone. Among the many additional analyses, a significant association was found for 
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a rising ratio of T/SHBG, and also for increasing T levels, but only with simultane- 
ous adjustment for four other hormones. Subsequent studies have failed to confirm 
any relationship between T/SHBG ratios and PCa (16). In addition, the validity of 
adjusting for four other variables simultaneously has dubious clinical merit. 


3.2.3 The Baltimore Longitudinal Aging Study 


More recently, an analysis of data from the Baltimore Longitudinal Aging Study 
reported that higher levels of calculated free T were associated with an increased 
risk of PCa, based on quartile analysis (17). However, there was no association noted 
for total T, or for any other hormone. This relationship is suspect for two primary 
reasons. First, men in the PCa group were significantly older than men without PCa, 
and age represents the strongest known risk factor for PCa. Second, mean levels 
of calculated free T were actually numerically lower in the cancer group than in 
the group without PCa, raising concerns regarding the validity of quartile analysis. 
Subsequent studies in larger populations using the same methodology for calculated 
free T have failed to support this finding (18). 

In summary, these longitudinal studies involving several hundred thousand men, 
have consistently and uniformly found no association whatsoever between PCa and 
total T levels, and occasional reports of associations with other androgen measures 
have failed to be confirmed with subsequent investigations. If higher T truly caused 
significant PCa growth, why would it be so difficult to demonstrate a relationship 
between T and PCa in these sophisticated large studies, particularly since occult 
PCa is present in as many as 15% of older men (23)? 


3.3 Clinical TRT Trials 


No large-scale, long-term TRT trials have yet been performed, although planning 
for such a trial is currently in progress, sponsored by the NIH. No definitive assur- 
ances of safety and efficacy may be possible until such a trial is completed, yet 
there have been a modest number of smaller trials to review. In TRT trials of 6-36 
month duration, the cancer detection rate was approximately 1% (1). These studies 
have included regular PSA tests and DREs, with biopsy triggered by development 
of abnormalities. This rate of cancer is similar to that found in prostate screening 
studies (1). 


3.4 TRT in Men with Prostatic Intraepithelial Neoplasia 


A group of 20 hypogonadal men with high-grade PIN and 55 hypogonadal men 
with benign prostate biopsies underwent 12 months of TRT (24). One of the men 
in the PIN group was found to have cancer, with biopsy triggered by development 
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of an abnormal DRE. This represents a 5% cancer rate in this population, and a 
1.3% cancer rate for the group as a whole. Since development of frank cancer has 
been reported to occur within several years in 25% or more of men with PIN (25), 
these data suggest that TRT did not cause any precipitous progression of cancer 
in these men. 


3.5 Prostate Biopsy in Men with Low Testosterone 


The notion that higher T causes increased PCa growth should also mean that men 
with lower T should be relatively protected against the growth of PCa. However, this 
also appears to not be the case. Sextant prostate biopsy in untreated hypogonadal 
men with PSA of 4.0 or less revealed cancer in 11 of 77 men, or 14% (26). This rate 
is not dissimilar to the cancer rate of 15% in men with PSA of 4.0 or less noted by 
Thompson et al. in the placebo arm of the Prostate Cancer Prevention Trial (PCPT) 
(23). The mean age of men in the hypogonadal series was approximately 10 years 
younger than men in the PCPT trial. In a recent report of 345 men with low T and 
PSA <4.0 ng/ml, men with more severe reductions in T had a significantly greater 
risk of cancer than men with milder reduction in T (27). This again suggests the 
possibility of an important association between low T and PCa. 


3.6 Testosterone Flare and PSA 


Testosterone flare refers to the transient rise in T that occurs within 7—10 days of 
administration of LHRH agonists, before T levels drop to castrate levels. Several 
publications have reported that the T flare is associated with increased bone pain, 
cancer progression, urinary retention, or vertebral collapse with spinal cord com- 
pression (28). However, only two studies appear to have measured PSA acutely, 
during the flare interval, and in neither instance did mean PSA levels increase dur- 
ing the T flare (29,30). Since PSA is the best available indicator of PCa progres- 
sion and volume, these results fail to support the concept that a rise in T causes 
growth of PCa. Reports of negative effects seen in association with the T flare were 
uncontrolled, and occurred in men with advanced disease. One must consider the 
possibility that the reported negative clinical effects seen during the period of testos- 
terone flare may have been due to the natural history of the disease itself, or possibly, 
via direct effects of T on bone. 


4 Testosterone Treatment in Men with Prostate Cancer 


4.1 Rationale 


Treatment of PCa with LHRH agonists or radiation treatment may cause testos- 
terone deficiency, and cause symptoms of erectile dysfunction, diminished libido, 


15 Androgen Supplementation in the Prostate Cancer Patient 241 


difficulty achieving orgasm, and fatigue. With severely depressed T levels, men may 
also experience hot flushes. Even when LHRH therapy is discontinued, there may be 
long-lasting suppressive effects on serum T, and in some cases T levels never return 
to normal. Men who are symptomatic from testosterone deficiency, particularly if 
they appear stable with regard to PCa, may request treatment for their hypogonadal 
symptoms. If there is little evidence that higher T causes PCa growth, then why 
withhold treatment that may be symptomatically beneficial? 


4.2 Testosterone Following Radical Prostatectomy 


The “cleanest” population in whom to consider TRT following treatment of PCa is 
the group of men with undetectable PSA several years following radical prostatec- 
tomy. If no cancer cells are evident, as suggested by undetectable PSA, then there 
should be no concern that T administration would cause them to grow. If the con- 
cern is that dormant cells might “awaken” with higher T, causing cancer progression, 
then why do we not act to reduce T levels in men with high endogenous T levels? 

Two small studies (17,12), in seven and ten men, have been published reporting 
the use of TRT in men following radical prostatectomy and with undetectable PSA. 
No PSA recurrence was noted in any of the men, with the longest follow-up being 
12 years. 


4.3 Testosterone Following Other Treatments for PCa 


In men following PCa treatment with external beam radiation, brachytherapy, or 
cryotherapy, there is usually a measurable PSA value, and this value can fluctu- 
ate over time, raising anxieties for clinician and patient alike. There has thus been 
greater reluctance to initiate TRT in these men. However, the theoretical arguments 
remain the same. If no cancer is present, then there should be no concern regard- 
ing growth. And even if cancer is present in small volumes, the existing evidence 
fails to indicate that higher T values cause cancer growth or progression. To date, 
no publications have confirmed this concept, however, an abstract presented at the 
meeting of the American Urological Association in 2006 indicated a lack of PSA 
progression in men treated with TRT following brachytherapy. 


5 TRT in Men with Untreated or Recurrent PCa 


There is little modern experience of administering TRT to men with known PCa who 
have not otherwise undergone treatment, or with recurrent PCa. Historical papers, 
described above, were uncontrolled and accurate measures of progression, i.e., PSA, 
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were unavailable. It is therefore impossible to state with any certainty what the effect 
of TRT might be in men with active PCa. 

Nevertheless, available evidence suggests that once a testosterone threshold, or 
saturation point, has been reached, higher levels of T are unlikely to cause any fur- 
ther increase in PCa growth (6). A recent report provides support for this concept. 
In a prospective study (31), 40 hypogonadal men were randomized to 6 months of 
placebo or T injections. Prostate biopsies were obtained at the beginning and end of 
the trial, and assayed also for hormone levels and gene markers of interest. Although 
serum T and DHT increased significantly in men receiving TRT, prostate tissue lev- 
els demonstrated no change in T or DHT, and tumor markers were also unchanged. 
Prostate hormone levels thus do not appear to reflect the increases in hormone values 
seen in serum with TRT. 


6 Conclusions 


Over the last several years there has been a gradual reassessment of the relationship 
of T and PCa. Although traditionally, it has been considered taboo to offer TRT to 
any man with a history of PCa, regardless of disease status, many clinicians have 
begun to offer treatment to selected patients. The most common clinical scenario is 
for the symptomatically hypogonadal man with undetectable PSA following radical 
prostatectomy. The near future is likely to provide additional evidence regarding 
safety and degree of risk regarding TRT and PCa. 

It is difficult to discard old ideas, particularly when they conjure up concerns 
regarding progression or recurrence of cancer. However, in this age of evidence- 
based medicine, it is imperative that we examine the basis for risk-related concerns 
as carefully as we do other parameters of health care. With regard to TRT and PCa, 
it is important to acknowledge that the putative risk of TRT causing PCa progression 
does not stand up to scientific scrutiny. Until such time as we have more definitive 
data, it may be reasonable to offer TRT to selected PCa patients, taking care to 
disclose that there is an unknown degree of risk with regard to PCa recurrence or 
progression. In partnership with our patients, it may then be possible to strike a 
proper balance between risk and benefit, allowing for the best possible quality of 
life while still acknowledging the limits of scientific knowledge. 
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Abstract Despite advances in operative technique and pharmacotherapy, erec- 
tile function is compromised in a significant proportion of men undergoing rad- 
ical pelvic surgery for prostate, bladder, and colorectal malignancies. Strategies to 
decrease the incidence or severity of post-operative erectile dysfunction may include 
pre-operative optimization of erectile function, risk factors, and/or other protective 
maneuvers, elimination or modulation of neural, vascular and corporal smooth mus- 
cle injury, and the use of novel pharmacotherapies. In this chapter, future strategies 
to optimize the recovery of erectile function, and ultimately increase patient quality 
of life, are outlined. 
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1 Introduction 


A paradigm shift in the management of prostate cancer occurred as a result of 
the introduction of cavernous nerve-sparing radical prostatectomy by Walsh and 
Donker, and the widespread availability of effective, safe, and well-tolerated phar- 
macotherapies for erectile dysfunction (ED) (1,2). Although cancer-control is the 
primary and most important outcome measure for any surgical intervention for 
malignancy, a growing emphasis on health-related quality of life (QoL) has thrust 
sexual function into the forefront of post-operative clinical concerns. Mainstream 
media exposure for ED following the introduction of the oral phosphodiesterase- 
5 (PDE-S) inhibitors sildenafil, tadalafil and vardenafil, coupled with an enhanced 
understanding of the physiology and pathophysiology of erectile function and dys- 
function, have contributed to a growing awareness by physicians and their patients 
of the possibility of maintaining satisfactory sexual function following cancer treat- 
ments. 

Unfortunately, most men report some degree of compromised erectile function 
or complete loss of potency even with bilateral nerve-sparing modifications to open, 
laparoscopic, and robot-assisted approaches to curative prostatectomy, indicating 
that the cavernous nerves are inadvertently damaged by surgical manipulation (3,5). 
The risk of ED is ever-present, even under optimal circumstances for men with 
normal pre-operative erectile function, and is influenced by several other factors, 
including advancing age and resection of the neurovascular bundles, which are dis- 
cussed in detail elsewhere. 

Here, we review future approaches and therapies, which may be used to optimize 
erectile function following radical pelvic surgeries for malignancy of the prostate, 
as well as muscle-invasive bladder or colorectal cancers. It is possible that future 
treatments will encompass a combination of strategies such as neuroprotection to 
counteract secondary injury, provision of scaffolds to replace lost tissue, and meth- 
ods to enhance axonal regrowth, inhibition of apoptosis, and synaptic plasticity. 
Strategies include pre-operative protective measures, modulation of neural, vascu- 
lar (including arterial insufficiency and veno-occlusive dysfunction), and corporal 
smooth muscle injury, further refinement of operative techniques such as the intro- 
duction of nerve “bridges” or “scaffolds,” and novel monotherapy or combination 
drug therapies for ED induced by pelvic cancer treatments. 


2 Pre-operative Optimization of Erectile Function 


One of the most powerful predictors for satisfactory post-radical prostatectomy 
(RP) erectile recovery is sexual function prior to surgery (6). To date, pharmaco- 
logic preconditioning, pre-operative modification of co-morbidities, and changes to 
patient lifestyle, have been underutilized as an adjunctive strategy for improving 
post-operative erectile function (EF). 
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2.1 Pharmacological Preconditioning 


The concept of optimizing or enhancing recovery and minimizing post-operative 
tissue changes is intriguing. Cavernous nerve injury is known to induce cavernous 
smooth muscle apoptosis, denervation coupled with hypoxia increases scar tissue 
formation, and decreased arterial circulation can lead to increased production of 
TGF- and corporal fibrosis. End-results of these changes include cavernosal insuf- 
ficiency and veno-occlusive dysfunction (7). 

Early animal and pilot human studies with pre-treatment regimens using various 
agents, including phosphodiesterase-5 inhibitors, have produced some encourag- 
ing results (8). Whether these findings prove translatable into a treatment advan- 
tage for men undergoing radical pelvic surgery remains to be seen. As well, more 
pathophysiology-specific approaches may prove feasible in the near future as the 
molecular understanding of neural, smooth muscle, and supportive tissue response 
to injury is further elucidated. For example, targeting signaling pathways for the ini- 
tial inflammatory reaction or downstream prior to activation of putative factors such 
as TGF-B, halting the smooth muscle apoptotic cascade, or minimizing effects of 
vascular compromise by optimizing the cellular microenvironment prior to surgery 
may result in improved preservation of EF. After confirming oncologic safety, pre- 
treatment with novel, pathway-specific pharmacotherapeutic agents may prove to 
be an effective therapeutic strategy of the future (e.g., small interfering RNA, acti- 
vation of the neuroregenerative pathways, or reduction of oxidative or nitrosative 
stress) (9,11). 


2.2 Modification of Co-morbidities and Patient Lifestyle 


Although most guidelines recommend definitive treatment within 2—4 weeks of the 
diagnosis of prostate cancer, surgical wait times approach 90 days or more in many 
instances due to patient concerns or preference (delay in decision-making, arrang- 
ing for a second opinion), an imbalance between surgical demand and the number of 
procedures a center is able to offer, initial “treatment” with active surveillance for 
prostate cancer with favorable parameters, or other factors (12,13). Without well- 
designed, prospective studies to evaluate this concept, it is difficult to conclude that 
using this time-period to address co-morbidities or lifestyle factors will translate into 
a more rapid and/or robust return to potency. However, control of diabetes, hyper- 
tension, dyslipidemia, misuse of drugs and alcohol, depression, etc., are essential 
for maintaining satisfactory erectile function, as well as facilitating a less compli- 
cated anesthetic and in-hospital course, post-operative wound healing, and return to 
pre-operative levels of global function. 

It is well established that ED is intimately related to atherosclerotic coronary and 
peripheral vascular diseases, as well as the metabolic syndrome, which is character- 
ized by central obesity, abnormal lipids, insulin dysregulation, and borderline hyper- 
tension. In addition to optimizing pharmacotherapy for hypertension, dyslipidemia, 


248 A.J. Bella et al. 


and other medical co-morbidities, simple changes in day-to-day lifestyle may con- 
fer an advantage for EF recovery. For example, recent evidence suggests that a 
Mediterranean-style diet improves endothelial function scores and inflammatory 
markers (C-reactive protein) when compared to men on a control diet (14). Smok- 
ing and obesity have also been prospectively identified as risk factors, while physi- 
cal activity is inversely associated with the development of ED (15). The beneficial 
effect of lifestyle change (total weight loss of 10% or more by reduction of caloric 
intake and increased physical activity) was demonstrated in a randomized, single- 
blind trial. Mean IIEF scores improved in the intervention group (from 14+4 to 17 
+ 5; p < 0.001), but remained stable in the control group who were given only 
general information about healthy food choices and exercise (16). 

In conclusion, the potential to reduce the risk of ED following RP may serve as 
a concrete motivation for men to engage in a variety of health promoting behaviors, 
including cessation of smoking, weight loss, dietary improvements, and/or pharma- 
cotherapy, and translate into an overall improvement in patient health (17). 


3 Peri-operative Strategies 


Refinements in anatomic surgical technique, specifically an improved understand- 
ing of penile autonomic innervation, and the implementation of innovative techno- 
logical advances in laparoscopic and robot-assisted surgery, has led to significant 
improvements in post-operative erectile function. However, even with the advan- 
tages gained by using these approaches, ED remains a significant problem for at 
least 15—40% men treated with radical prostatectomy, and approaches 80-90% for 
men who are not candidates for nerve-sparing surgery (4,5,18,19). 


3.1 Modifying Surgical Approach 


Advances using optical magnification to allow for precise visualization and local- 
ization of the neurovascular bundles, trials of intraoperative nerve stimulation, 
decreased use of electrocautery during dissection, sparing of accessory pudendal 
artery branches, and other refinements to surgical technique have allowed for a slow, 
but steady improvement in the understanding of factors placing a patient at risk 
of ED post-operatively and at times, modest gains in overall potency rates (2,20). 
Although preservation of the cavernous nerves during radical prostatectomy is the 
most important factor for maintaining post-operative EF and downstream events, 
including apoptosis of smooth muscle, cavernosal fibrosis, and venous leak are 
thought to result from CN injury, strategies such as those outlined above are not 
likely to have a future meaningful impact for men in whom nerve-sparing is not 
feasible. Therefore, adjunctive peri-operative strategies, including nerve recovery 
conduit “bridges” or “scaffolds” and modulation of the local environment at the 
time of surgery, are future possibilities. 
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3.2 Nerve-Replacement Strategies and Optimization of Cavernous 
Nerve Regrowth 


For men who are not candidates for nerve-sparing procedures, or those in whom 
sparing is deemed sub-optimal, intraoperative nerve grafting to supplement or 
replace cavernous nerve function has been attempted by multiple investigators and 
is discussed in detail elsewhere in this text. Although early enthusiasm for this 
approach has dampened somewhat, tissue engineering techniques may lead to a 
resurgence of this approach or variations using tissue engineered or biomaterial 
scaffolds and or novel drug delivery systems. 

Biomaterials hold promise for the future as they have the major advantage over 
traditional autologous grafts: an ability to impart structural and chemical versatil- 
ity into this treatment approach (21). To date, several biomaterial polymers have 
been tested as delivery systems for cellular and non-cellular neuroprotective or neu- 
roregenerative agents or as guidance channels for regenerating axons in experimen- 
tal models. For example, seeded Schwann cells that had been expanded in tissue 
culture and placed in silicone tubes were subsequently placed into surgically cre- 
ated cavernous nerve defects in the rat. In comparison to animals treated with nerve 
reconstruction, genitofemoral nerve interposition, or interposition of empty silicone 
tubes, the group with the seeded tubes had better functional outcomes (22). There 
is optimism that as the molecular understanding of nerve recovery expands, tech- 
nology utilizing treatment strategies on a cellular level, including signaling pathway 
modulators, neurotrophic factors, or stem cells, can modulate the microenvironment 
and promote repair of the injury (23). An optimal approach has yet to be determined; 
variables include device design, the use of degradable versus non-degradable bioma- 
terials, development of new drug agents or novel application of currently available 
therapeutics, and combination strategies with conduit “bridges” of “scaffolds” used 
to maintain CN continuity after planned segmental excision (non-nerve-sparing) or 
functional compromise (laceration, stretch, thermal injury, ischemia, inflammation, 
or inadvertent resection) (24). 


3.3 Electrical Stimulation 


For many men, erectile recovery may take 24 months or more after surgery even 
as recent reports demonstrate that most patients with good pre-operative erectile 
function (IIEF>18) maintain nocturnal penile tumescence during the acute phase 
after surgery (25). However, not all of these men will maintain their erections, 
or demonstrate time-dependent improvement. In potent men undergoing bilateral 
nerve-sparing RP, the incidence of venous leakage was 14, 21, 35, and 50% at less 
than 4 months, 4-8 months, 8-12 months, and more than 12 months following 
surgery, respectively. In these patients, arterial insufficiency (approximately 60%) 
did not change over time (26). For potent men treated with bilateral non-nerve- 
sparing surgery, complete tumescence and full rigidity after intracavernous injection 
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of 20 pg prostaglandin E1 was 80% within the first 30 days of surgery, but declined 
to 37% at 7-12 months post-operatively (27). Clearly, elements of smooth mus- 
cle degeneration following even partial nerve injury can have a meaningful clinical 
impact, compromising recovery of erectile function and translating into decreased 
penile rigidity, difficulties in maintaining an erection, and other sequelae of cav- 
ernous smooth muscle dysfunction or veno-occlusive disease. 

A novel approach of some promise is the use of an implantable electrical 
neurostimulator (ENS) adjacent to the cavernous nerves at the time of radical 
prostatectomy. Previous animal and human studies have demonstrated improved 
EF following partial denervation, for patients with chronic ED, and at time of 
surgery for veno-occlusive disease. Although the precise mechanism of action is 
not known, preliminary findings are encouraging. A current clinical trial evaluating 
this approach (Advanced Bionics, Valencia, California) for men undergoing radical 
prostatectomy is ongoing and results are eagerly anticipated, as ENS may be identi- 
fied as a new adjunctive treatment for enhanced recovery of erectile function in this 
population (23). 


4 Post-operative Strategies 


Erectile dysfunction after radical prostatectomy may persist, despite surgical 
advances, neuroprotective strategies, and pre-operative treatment or optimization 
of erectile function and risk factors. Currently available medications, as well as 
novel ED therapies, may be used aiming to alleviate patient symptoms or stimulate 
recovery as monotherapies or in combination with other treatments. With profound 
end-organ damage and dysfunction, however, other strategies might be employed 
to create new, healthy tissue. Components of future therapy for patients following 
pelvic surgery are likely to focus upon regeneration or creation of functional erec- 
tile tissue, whether done on a tissue, cellular, or gene level and may include tissue 
engineering and stem-cell or gene-based approaches. 


4.1 Post-operative Penile Rehabilitation 


Although there is no unifying pathophysiological theory for the cause of post- 
operative ED to date, most investigators would agree that therapeutic inactivity in 
the motivated patient is counter-productive to a potential return to potency (3,28). 
Rehabilitation strategies are varied, but literature suggests that early therapy using 
intracavernous injection of vasoactive agents (prostaglandin E-1 or combinations 
with papaverine or phentolamine, or all three), oral therapy with phosphodiesterase- 
5 inhibitors, or a combination of both may confer a recovery advantage to 
the patient as damage secondary to tissue hypoxia and subsequent atrophy of 
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cavernosal smooth muscle is decreased (25). These concepts are discussed in detail 
in Chapter 12, “Pharmacologic Penile Preservation and Rehabilitation.” 

The ability to deliver drugs directly into the corpora cavernosa via injection 
is a distinct advantage for treating the smooth muscle and neural (through retro- 
grade transmission) components of the erectile tissues; novel growth factors such 
as the bone-morphogenic protein GDF-5 (growth-differentiation factor-5), PARP-1 
(poly[adenosine diphosphate ribose] polymerase-1) inhibitors, and glial cell line 
derivatives such as neurturin, may represent the next generation of smooth-muscle 
protectants or neuromodulators (23,29). Recent reports support continued investiga- 
tion of the potential mechanisms by which PDE-5 inhibitors enhance tissue protec- 
tion or regeneration as chronic administration of tadalafil reduced some effects of 
hypoxia following cavernous nerve neurotomy in the rat (30). The development of 
these, and other promising therapies such as the immunophilin ligands, gene ther- 
apy, and stem cells (discussed below), represent some of the many potential post- 
operative approaches translated from the lab bench to clinical use. Although future 
forms of post-operative rehabilitation will likely share some characteristics with cur- 
rent regimens, the combination of novel therapies specifically tailored to apoptotic, 
neuroprotective, and neuroregenerative targets, at optimal doses and timing (ther- 
apeutic “windows of opportunity”), and adjunctive use of pre- and peri-operative 
strategies is most likely to yield a demonstrable improvement in post-operative EF. 


4.2 Tissue Engineering 


Total phallic reconstruction or replacement is not likely to be necessary, even in 
the face of severe endothelial dysfunction and/or loss of functional smooth muscle 
cells. More realistic approaches are cell or tissue (combination)-based therapies, and 
involve the injection of “functional” cells into the corpus cavernosum or regenera- 
tion of damaged tissues. 

One of the first barriers to overcome in tissue engineering is to isolate the crucial 
cell populations without excessive contamination by other cell types. Pilatz et al. 
evaluated a wide variety of published and novel techniques for separation and cul- 
ture of both endothelial and stromal cell populations (32). Using a combination of 
elastase-treatment of tissue blocks and mechanical squeezing of the tissues with 
a metal spatula yielded an impressive 98% purity as confirmed by immunohisto- 
chemistry (IHC) and Western blotting. Their conclusion was that endothelial cell 
cultures derived from human corpora cavernosa are reproducible and reliable to 
serve for cell culture-based investigations of the endothelial dysfunction and may 
develop into a future therapy. Isolating pure cavernosal smooth muscle cells using 
current techniques is not as successful. The discrepancy in the purity of smooth 
muscle cell cultures might reflect laboratory and tissue source factors, lacking an 
exclusion of fibroblasts in other studies or changes in stromal phenotype under 
culture conditions. Further research is necessary to clarify a possible plasticity 
between smooth muscle cells and (myo)fibroblasts and assess functional properties. 
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Although cell-based techniques might be considered for direct repair of damaged 
corporal endothelium, therapy for erectile dysfunction with either endothelial or 
with smooth muscle cells, seems most promising when combined with cell manipu- 
lation by gene therapy prior to cell transfer, i.e., genetically engineered cells, as will 
be discussed below. 

At the tissue level, pioneering work by Atala et al. has explored the feasibil- 
ity of developing corporal tissue (combining human cavernosal smooth muscle and 
endothelial cells in vivo in athymic mice) using a three-dimensional acellular col- 
lagen matrix. Organ bath studies demonstrated cell-seeded corporal tissue matrices 
responded to electrical field stimulation, whereas unseeded controls did not, demon- 
strating the formation of well-vascularized corporal tissues derived from donor cor- 
pora (32). The possibility of replacing an entire cross-sectional segment of both 
corporal bodies, as could be required with severe corporal fibrosis, with autolo- 
gous engineered tissues has also been evaluated using a rabbit model (33). Ade- 
quate structural and functional parameters of the neo-corpora were achieved in this 
proof-of-concept study. 

Tissue and biomaterial engineering, although still considered to be in their 
infancy as areas of research, hold much promise in becoming cell and tissue-specific 
therapies for ED resulting from pelvic surgeries for malignancy and may develop 
into effective peri- and post-operative treatment approaches in the not-so-distant 
future. 


4.3 Gene and Stem-Cell Therapies 


Gene and stem cell therapies represent the next potential era of advanced therapeutic 
strategies for genetic or acquired diseases. Future development of these approaches 
is dependent upon more detailed clarification of the underlying physiology and phar- 
macology of erectile tissues in both normal and disease states. To date, gene and 
stem-based therapies remain “treatments of the future” but, as will be detailed below, 
may become practical successors to today’s oral and minimally invasive therapies 
for ED (34). 

The penis is uniquely suited for gene transfer due to its anatomic and ultra- 
structural features (connexin 43 gap junctions forming allowing rapid communi- 
cation between cells), and potential targets such as potassium channels. In order for 
gene therapy to be clinically useful, it needs to fulfill the following criteria: effi- 
cacy, safety, extended duration of effectiveness, and patient tolerability (35). Naked 
DNA has emerged as the transfer vector of choice, due to its lack of chromoso- 
mal integration, toxicity, and immune induction, and confirmation of efficacy and 
lasting duration (34). This plasmid-based vector system (AMaxi-k), used to insert 
the hSlo gene which codes for Maxi-k potassium channels, is especially promising 
for the treatment of cavernous smooth muscle disorders (as seen following penile 
hypoxia), as corporal smooth muscle relaxation is enhanced. Animal studies have 
demonstrated a sustained dose-dependent response for 4—6 months and recently 
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reported dose-escalation phase I trial results of intracavernous injection of hMaxi- 
k in demonstrated no adverse events (36). Other potential targets for gene therapy 
modulation may include eNOS (endothelial nitric oxide synthase), superoxide dis- 
mutase (SOD), and RhoA/Rho kinase (37). 

Limitations with the use of embryonic stem cells for human disease have led to 
a focus upon stem cells derived from adult tissues. The potential regeneration of 
healthy endothelial and smooth muscle tissues in the penis offers enormous promise 
as a potential treatment for erectile dysfunction, especially should gene-modified 
ex-vivo expanded adult stem cells prove efficacious and safe in human subjects 
(38). The action of stem cells is likely multifactorial and includes differentiation 
into cellular elements of the erectile mechanism, function as substrates for axonal 
growth, release of neurotrophic factors, and cytokines that inhibit demyelination 
(23). Experience thus far is limited to animal studies, but has shown that an advan- 
tage for functional recovery and increased penile nerve content occurs after bilateral 
cavernous nerve crush if stem cells are delivered into the major pelvic ganglion and 
corpora cavernosa (39). 


4.4 Next-Generation of Pharmacologic Treatments 


Several new pharmacologic treatments hold future promise as primary or adjunctive 
treatments for ED following pelvic surgeries. These include immunophilin ligands, 
neurotrophins, erythropoietin, steroid therapy, new PDE-5 inhibitors or ICI agents, 
and as yet undeveloped, novel molecularmechanism-based agents. 

The neurotrophic characteristics of immunophilin ligands, such as tacrolimus 
(FK506) (see Chapter 12) hold potential for the treatment of many neurological 
conditions, including spinal cord injury, peripheral neuropathies, and erectile dys- 
function. Using a model of cavernous nerve crush injury in the rat, FK506 was found 
to preserve function, reduce neural degeneration and stimulate axonal regrowth in 
a variety of neurodegenerative disease models (40). Novel non-immunosuppressant 
derivatives such as FK1706 may prove more useful in clinical practice, as immunity 
in the post-cancer treatment patient is not compromised by these agents. Initial pilot 
studies have demonstrated functional recovery of erectile function and immunohis- 
tochemical evidence of neurotrophism and neuroregeneration following 8 weeks of 
therapy in animal studies (41). A second derivative, GPI-1485 (Guildford Pharma- 
ceuticals, Baltimore, Maryland) is currently the focus of a phase II, multi-center, 
randomized trial in approximately 200 men following RP. 

Neurotrophins have been reviewed in detail in Chapter 12. Although it is likely 
that one or more of these molecules will eventually attain clinical use, this group is 
equally valuable for identifying molecular signaling targets for enhanced penile neu- 
rogenesis. Through discovery of novel pathways involved in neurotrophin-enhanced 
recovery after nerve injury, neurotrophins may also serve as the foundation for the 
next generation of target-specific pharmaceuticals (42). 
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Intracavernous injection also continues to hold great promise as several novel 
vasoactive substances that, alone or in combination, target multiple physiologic 
sites and relax cavernous smooth muscle and/or modify vascular function are in 
development. Gastrointestinal hydrogen sulfide, potassium-channel openers, calci- 
tonin gene-related peptides, gaunylate cyclase activators, and rho/kinase inhibitors 
are among agents currently investigated and may represent the next generation of 
ICI mono- or combination therapies (43). 


5 Conclusion 


Nerve-sparing radical prostatectomy ushered in a new era of thought focused upon 
achieving optimal cancer control while minimizing the impact of surgery on patient 
quality of life. A rapid growth in basic science understanding, specifically the 
response of tissues to injury on a molecular level, promises to fuel further advances 
for treatment strategies minimizing erectile compromise following radical pelvic 
surgeries. Exciting developments in the fields of tissue engineering, neuromodula- 
tion, stem-cell and gene-based therapies are examples of the continued evolution 
of treatments for erectile dysfunction. Although optimistic, it is feasible that one or 
more of these novel approaches may successfully translate from the lab bench to 
clinical use in the near future, resulting in an increased likelihood of erectile preser- 
vation and improved quality of life. 
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Stem-cell therapies, 252-253 
Structural injury, 62—64 
Subacute radiation reactions, 97 
Subacute, reversible ED, 98 
Sympathetic innervation of penis, 37 


Systemic therapy, prosthesis placement after, 
226 


T 

Tacrolimus (FK506), 118, 253 
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Color Plates 


Color Plate 1 Comparison of prostate interface clarity at different levels within the prostate. 
Arrow represents an interface with the prostate clarified by MRI, unclear on CT. Left to right 
panels: Genitourinary diaphragm, apex, mid-prostate, and base (Chapter 7, Fig. 2; see discussion 
on p. 100) 
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Color Plate 2 Prostate and CES defined by fusion of CT and MRI (Chapter 7, Fig. 4; see discus- 
sion on p. 101) 


Color Plate 3 Intraoperative photograph showing the right distal neurovascular bundle stump 
with double clips to distinguish it from a bleeding vessel. These are removed at the time of neural 
anastomosis (Chapter 9, Fig. 1; see discussion on p. 132) 


Color Plate 4 Intraoperative photograph showing the completed right cavernous nerve graft 
(Chapter 9, Fig. 2; see discussion on p. 133) 
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Color Plate 5 Intra-operative photograph taken during laparoscopic radical prostatectomy 
demonstrating bilateral accessory pudendal arteries (Chapter 10, Fig. 1; see discussion on p. 143) 


